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Preface to the Second Edition 


“Urine cytology, no doubt, deserves a much more 
central position in urologic diagnosis.” 
L. ANDERSON, 1978 


After an initial period of relative stagnation following the work of V.D.Lambl 
(1854), oncologic urinary cytology has evolved at an explosive pace since the 
work of G.V.Papanicolaou and V.F Marshall (1945). This led the 
cytopathologist L. G. Koss to state in 1979 that urinary cytology should be made 
an essential diagnostic tool of the urologist. 

The first edition of this book, written in collaboration with Drs. H.J.de Voogt 
and M.E. Boon, already combined the disciplines of pathology and urology in 
recognition of the fact that both the clinical and pathologic features of urothelial 
tumors must be understood in order to select patients for urinary cytology and 
comprehend its limitations and especially its interpretive criteria. 

Since the first edition was published, basic research has given us new insights 
into the ultrastructure of the urothelium, and many new preparatory techniques 
have been developed for the collection, concentration, fixation, staining, and 
analysis of cellular material. Not all of them could be included in this book (i.e. 
thin layer prep.). In particular, the scientific accuracy of urinary cytology has 
been enhanced by DNA single-cell cytometry, flow cytophotometry, and 
immunocytology. Terminology, moreover, has been refined and standardized. 

Besides oncologic urothelial cellular analysis, urinary erythrocyte morphol- 
ogy also has assumed clinical importance. 

We could not do justice to these developments simply by reworking the 1979 
text. We are grateful to Springer-Verlag for preparation of the new edition and 
especially to Dr. U. HEILMANN and Mrs. I.C. LEGNER for their competent advice 
and to E.KIRCHNER, J.SCHAUBEL, and W.BiscHorr for their meticulous 
production work. Through their help we were able to add numerous authorities 
from the fields of pathology and urology to our list of contributors. We are 
grateful to these colleagues for their spontaneous willingness to assist in the 
creation of this monograph and atlas. Their authoritative input was essential for 
providing up-to-date, comprehensive coverage of our subject matter. Special 
emphasis has been placed on conveying reproducible, practice-oriented 
methods while also presenting basic scientific principles in a comprehensible 
form. We hope that the book will stimulate interest in urinary tract cytology 
among cytophatologists and urologists, deepen their awareness of its importance 
and limitations, and assist them in the preparation and analysis of cytologic 
material. | 

In the practice of urinary cytology, close cooperation between the pathologist 
and urologist leads to progress in the early diagnosis and follow-up of patients 
with urothelial malignancies. Besides cystoscopy, sonography, and urography, 
exfoliative oncologic urinary cytology is an essential component in the 
management ofthese patients. 


PETER RATHERT, Düren 
STEPHAN ROTH, Münster 
MARK S. SoLoway, Miami 


Foreword to the First Edition 


The cytologic diagnosis of cancer has its roots in clinical microscopy as it was 
shaped during the first half of the nineteenth century. In reviewing some of the 
early writing on this subject, one is amazed at the accuracy of the descriptions and 
soundness of the observations. Cytology of the urine is no exception: In 1864 
Sanders described fragments of cancerous tissue in the urine of a patient with 
bladder cancer (Edinburgh Medical Journal 111, 273). This observation was 
confirmed by Dickinson in 1869 (Transactions of the Pathological Society 
London 20, 233). It is a source of special pride to me that in 1892 a New York 
pathologist, FRANK FERGUSON, advocated the examination of the urinary 
sediment as the best means of diagnosing bladder cancer, short of cystoscopy. 
PAPANICOLAOU freely acknowledged these contributions while establishing 
sound scientific bases for continuation and spread of this work. PAPANICOLAOU’S 
work in the area of the urinary tract did not fall on deaf ears. He documented to 
several urologists who were within his sphere of personal influence, mainly Dr. 
VICTOR MARSHALL, Professor of Urology at Cornell University Medical School, 
that urinary tract cytology was a reliable tool in the diagnosis of urothelial 
carcinoma. Some of us who have attempted to spread the master’s word had their 
share of success in institutions with which we were associated. Perhaps the most 
important contribution of urinary tract cytology has been in the identification of 
nonpapillary carcinoma in situ, a key lesion in the assessment or prognosis of 
urothelial neoplasia. Yet, the authors of this fine book on urinary cytology are 
quite right when they imply that the vast majority of urologists are either 
unaware or skeptical of this method of diagnosis. There are many reasons for 
this, perhaps the most important of which are its limitations. Well-differentiated 
papillary lesions of the bladder, such as papilloma and grade1 papillary 
carcinoma, are unlikely to yield diagnostic cells. Thus, the expectation of the 
urologists that any bladder tumor will be reliably diagnosed by cytology is false. 
Similar mistakes are committed by pathologists and cytopathologists who fail to 
recognize the limitations of the method and, in attempting to diagnose too much, 
make major errors of judgment that arouse the mistrust of their clinical 
colleagues. Urinary tract cytology is difficult and is full of pitfalls and distressing 
sources of diagnostic mistakes. It cannot be learned casually but requires many 
years of experience and close cooperation between the pathologist and the 
urologist. This atlas should contribute to the popularization of this important 
method of diagnosis, which admirably complements but does not replace clinical 
judgment and the biopsy. The goal of these efforts is a relatively simple one: to 
offer the patient with cancer of the lower urinary tract the best possible chance 
for an early diagnosis resulting in acure or at least containment of the disease and 
as comfortable a life as possible if a cure is not attainable. Urinary cytology can 
contribute significantly to this goal by identifying the patients at very high risk for 
invasive cancer whose urinary sediment contains obvious cancer cells. For such 
patients, radical treatment of the diseased urothelium prior to the development 
of metastases may be the best and sometimes only chance of salvation. 


X Foreword to the First Edition 


Drs. BEYER-Boon, DE VooctT, and RATHERT should be congratulated on this 
fine atlas. It should contribute substantially to the clarification and education of 


both urologists and pathologists who are interested in cancer of the lower urinary 
tract. 


LEOPOLD G. Koss 

Professor and Chairman 

Department of Pathology 

Albert Einstein College of Medicine 

at Montefiore Hospital and Medical Center 
Bronx, New York 10467 
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1.1 Introduction 


Even today the “matula”, a flask for inspection of 
the urine, is depicted in the official emblems of the 
American Urological Association, the German 
Society for Urology, and the Professional Associa- 
tion of German Urologists. It symbolizes the cen- 
tral importance of urinalysis as a medical and espe- 
cially a urologic method of investigation. The color 
and odor of urine were of keen diagnostic interest 
to the physicians of the Middle Ages (Figs. 1.1, 1.2). 
But due to lack of alternative diagnostic methods, 
uroscopy soon evolved into a mystical uromancy in 
which the color of a urine specimen was subject to 
fantastic interpretations (Fig. 1.3). Urinalysis was 
not taken seriously as a diagnostic tool until the 
nineteenth century, when chemical and micro- 
scopic techniques were applied scientifically to the 
examination of the urine. 


1.2 History of Oncologic Urinary 
Cytology 


The general acceptance and evolution of urinary 
cytology, like that of many other subjective 
diagnostic methods, has taken place over a long pe- 
riod of time (Rathert 1986). Nearly a century pas- 
sed before urinary cytology became established as 
a diagnostic technique. 

In 1843 Dr. Julius Vogel of Göttingen first 
reported on a method that became popular a cen- 


tury later as exfoliative cytology (Grunze and 
Spriggs 1983). This method, which predated the 
histologic examination of tissue, involved the 
microscopic examination of cells desquamated 
from tissue surfaces. In one patient with a palpa- 
ble mass in the mandibular angle region and a 
draining retroauricular sinus tract, the cytologic 
examination of exfoliated cells in the discharge 
raised suspicion of a malignant process, which was 
confirmed by the subsequent course of the di- 
sease. 

V. D. Lamb (Fig. 1.4) was the first, in 1856, to ap- 
ply this technique to the detection of cancer cells in 
urine. We must credit Grunze and Spriggs (1983) 
with identifying Lambl as the inaugurator of onco- 
logic urinary cytology. It was previously thought 
that Sanders (1864) was the first to detect bladder 
cancer cells microscopically in urine; Ferguson 
(1892) also has been incorrectly named as the foun- 
der of urine cytology. 

Vilém Dusan Lambl, born in Letina (near Pil- 
sen) in 1824, became known for a species of infec- 
tious protozoan that he discovered and was subse- 
quently named for him, Giardia lamblia (formerly 
known as Lamblia intestinalis). His historic paper 
on the cytologic diagnosis of bladder cancer 
(Fig.1.5a,b) stands alone in his general body of 
work and was not pursued by other authors. This 
was probably due to the lack of therapeutic options 
at that time in patients diagnosed with bladder can- 
cer (Rathert 1987). 

Lambl’s publication is interesting not only be- 
cause it establishes his precedence in the field 
of oncologic urinary cytology but also because 
it includes a reference to “bedside diagnosis” 
(Fig.1.5a), a concept that would become impor- 
tant many years later. Lambl also notes various 
methods of specimen collection, most notably 
bladder washing, and the possibility of preserving 
urine by acidification and cooling. Lambl’s work 
was also prophetic in its acknowledgement of the 
importance of microscopy: “The microscope is 
founding a science that is not necessary for the cli- 
nician in all its details; but if ever the assistance of a 
microscope were urgently needed, it is in the area 
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Fig.1.1. Page from a medieval manuscript (1580) on the 
physical examination of urine in a flask (matula). (J. A. Ben- 
jamin Collection. Medical Library, University of California, 
Los Angeles) 


of urinalysis, where a confident diagnosis must pre- 
cede the selection of an appropriate therapy” 
(Lamb! 1856). 

The decisive breakthrough in oncologic urinary 
cytology came later with the 1945 publication by 
Papanicolaou and Marshall, which led to a pro- 
gressive integration of urinary cytology into rou- 
tine urologic diagnosis. 


1.3 Landmark Technical 
Developments 


Clinical cytology and urinary cytology were intro- 
duced to medicine in the mid-1800s. This had been 
preceded by more than 200 years of scientific in- 
quiry and innovation, which laid the necessary in- 
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Fig. 1.2. “Uroscopy” as portrayed in a German painting 
from the eighteenth century (Museo Nat. Art Sanitaria, 
Rome) 


strumental foundation in the form of the micro- 
scope. 

Although Francesco Fontana claimed in 1646 to 
have built the first microscope in 1618 (Singer 
1914), today this distinction is generally credited to 
the lens grinder Hans Hanssen and his son Zacha- 
rias of Middelburg (Turner 1980; Grunze and 
Spriggs 1983). Their instrument, which followed 
the basic design of Galileo’s telescope, had a bicon- 
cave eyepiece a biconvex objective lens that pro- 
vided a magnification of 60 diameters. According 
to Dittrich (1971), the term microscopium was 
coined by Demesianos, a member of the Accade- 
mia dei Lincei in Rome. | 

Besides optical magnification, another impor- 
tant prerequisite for effective visual cellular analy- 
sis is sufficient contrast of the object being examin- 
ed. This led very early to the use of stains to bring 
out structural details. Anthony van Leeuwenhoek 
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Fig.1.3. “The Urine Prophet”, title page from a medieval 
manuscript dated 1637 (Thomas Brian) 


(1632-1723), one of the great authorities of early 
microscopy who first described spermatozoa with 
his pupil Johan Ham (1677), used saffron in the 
staining of microscopic preparations (Grunze and 
Spriggs 1983). 

The discovery of the polychromatic staining 
properties of methylene blue by Romanowsky 
(1891) had far-reaching effects. In the early twen- 
tieth century, Quensel (1918) first used methylene 
blue stain for the immediate examination of urine 
sediment and successfully diagnosed seven of 
12 papillomas and eight of 13 bladder cancers by 
urinary cytology (Fig. 1.7a,b). Several years earlier 
Giemsa (1910) had described the technique for 
staining air-dried specimens that was named for 
him and is still widely used today. The stain intro- 
duced by Feulgen in 1924 is still commonly used for 
automated image analysis, as it provides a homo- 
geneous staining of nucleic acid that is ideal for in- 
strumented measurements. The major impetus for 
the establishment of urinary cytology as a routine 
diagnostic study occurred in 1942, when Papanico- 


a 


Fig. 1.4 Vilém Dusan Lambl (1824-1895). First description 
of tumor cells in urine 


laou (Fig.1.8) introduced his alcohol stain that is 
still accepted today as the standard stain for 
urinary cytology. 

Despite advances in staining techniques, light 
microscopy had reached a state of relative metho- 
dological stagnation by the early 1930s (Breinl 
1979). This ended dramatically in 1934 with the in- 
vention of phase contrast microscopy by the Dutch 
physicist Fritz Zernike, for which he received the 
Nobel Prize in 1953. In his acceptance speech for 
the award, Zernike described his unexpected dis- 
covery: 


“In about 1930 our laboratory received a large concave grat- 
ing for installation in a Runge-Paschen system. The lined ap- 
pearance of the surface was soon found. Because the grating 
was placed 6 m from the eye, I set up a small telescope to 
view it. Then the unexpected happened. The lines were 
clearly visible to the naked eye but vanished as soon as the 
telescope was focused precisely on the grating surface!” 
(Zernike 1953). 


The phase contrast effect (see Chap.8) had been 
discovered. Although phase microscopy is not 
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kawot uns die Literatur zugänglich ist, finden wir die 
Diagnose des Harnblasenkrebses durch mikroskopische Unter; 
suchung der Harnsedimente nirgends gründlich behandelt, oder 
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Diagnostik (Leipzig 1853), keine Erwähnung davon gethan; den 
im allgemeio-diaguostischen Theil wird der Krebs nach seinen 
Formen geschildert, wie man sie als Präparate (exstirpirle 
Geschwülste) untersuchen kann, und hinterher wird der rüh: 
rigen Gebilde ganz kurz Erwähnung gethan, mit Bezugnahme 
auf einige, nicht näher versinnlichte Termini von Engel, 
Nekitaosky und Bruch: — unter den Harnblaseukrankhei- 
ten im speciellen Theile werden zwar (5. 201) die morphoti- 
schen Bestandtheile des Harns nach Lehmann aufgezählt, 
umil nebstlem S. 447 alle möglichen Symptome, besonders das 
Blutharsen ausführlich besprochen, letzteres sogar als Blutung 
aus der Niere, aus der Blase und aus der Urethra genau un- 
terschieden, — eine Unterscheidung. deren Möglichkeit am 
Krankenbette uns, aufrichtig gesagt, schwer einleuchten will, — 
der Krebs der Harnblase wird aber dabei nicht genannt, als 
Orig. Aufs. Bd, XLIX. | 


Fig.1.5. a Title page from the historic 1856 paper by V.D. 
Lambl, which contains the first description of tumor cells in 
urine and the earliest reference to “bedside diagnosis” 
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b Lithographic plate from original drawings made by Lambl 
in 1856, which demonstrate not only his artistic talent but 
also the meticulous care with which he documented his ob- 
servations 


Fig. 1.6a,b. Early devices for cell 


(from Daiber 1906). b Manually oper- 
ated centrifuge (from Laache 1914) 


Fig. 1.7a,b. First micrographs of 
bladder tumor cells stained with 
methylene blue, published by Quen- 
sel in 1918 


concentration. a Sedimentation flask E 


> 


History of Urinary Cytology 


Dr. GEORGE PAPANICOLAOU [1883 1962) 


KYMPO2: CYPRUS-KIBRIS 


Fig.1.8. Postage stamp honoring Dr. G. Papanicolaou, in- 
augurator of the Papanicolaou alcohol stain, still recognized 
today as the standard stain for urine cytology 


widely used today for oncologic urinary cytology, it 
continues to be important in the evaluation of 
erythrocyte morphology (see Chap. 13). 

Because of the small numbers of urothelial cells 
that are desquamated into the urine and the corre- 
spondingly low cell yields due to dilution, it was 
necessary to find a practical, effective way to con- 
centrate the cells in a sample. Toward the end of the 
nineteenth century, sedimentation flasks were re- 
placed by centrifuges, which were first manually 
operated and then driven by an electric motor 
(Fig. 1.6a,b). Solomon et al. (1958) greatly advanc- 
ed the cytologic preparation of urine by introduc- 
ing the membrane-filter technique, a negative-pres- 
sure filtration method in which cells are trapped on 
the surface of a filter as urine is passed through it. 
The filter is then mounted directly on a glass slide 
for further processing and examination. Subse- 
quently a number of practical alternatives have 
been developed (see Chap. 8). 
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1.4 Innovations in Urinary Cytology 


1.4.1 Automated Image Analysis 


In conventional cytology as in most medical in- 
vestigations, the examiner works descriptively 
with estimated values that are subjectively influen- 
ced and are based on personal knowledge and ex- 
perience. A more objective and reproducible ana- 
lysis can be achieved by image analysis systems that 
automatically evaluate specific, quantifiable prop- 
erties of the collected cells. 

Unlike histopathology, in which a semiautomat- 
ed planimetric analysis is performed by outlining 
areas manually with a stylet, urinary cytology has 
focused on the development of fully automated 
systems (Nafe and Frohneberg 1989) that automa- 
tically quantify the DNA content of cells by the 
densitometric principle. These systems exploit the 
fact that the malignant transformation of cells is as- 
sociated with a characteristic change in the distri- 
bution pattern of nuclear DNA. 

Current research is focusing on two different 
types of systems. While some of the systems (flow 
cytometry, microscopic photometric systems) ex- 
amine a whole cell population and yield a statisti- 
cally determined central tendency as their end re- 
sult, other systems work interactively, i.e., the 
qualitative experience of the cytologist is combin- 
ed with an automated measuring process. In these 
systems the examiner, guided by his own criteria, 
sorts out suspicious cells which are then subjected 
to amore objective, quantifiable analysis (TV-im- 
age cytometry, quantitative fluorescence image 
analysis). 

Although instrumented cell diagnosis per se was 
introduced by the Freiburg pathologist W. Sandrit- 
ter (Sandritter et al. 1960), the foundations of cyto- 
photometry were laid in the first half of the twen- 
tieth century. Sandritter cites, among others, the 
biophysical studies of Kohler (1904), who per- 
formed microphotographic measurements with ul- 
traviolet light, and Feulgen’s results with his bio- 
chemical nucleic acid stain (Feulgen and 
Rossenbeck 1924). Quantitative cytometry was in- 
troduced in 1936 when Caspersson synthetized 
these separate discoveries by performing measure- 
ments of prestained nucleic acids. 

The development of flow cytometry, which has 
been employed in urinary cytology for more than 
10 years, chiefly as a research tool, dates back to 
Lagercrantz, who first used a photodetector in 
1948 to count cells suspended in a fluid medium. 
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However, because large cell populations must be 
measured in the automated technique, a practical 
system could not be created until 1965, when Ka- 
mentsky developed an ultra-fast photometer that 
within minutes could quantitate nuclear DNA in 
approximately 30 000 cells. Flow cytometry was 
first performed in the United States by Van Dilla 
et al. in 1969, and in Germany by Göhde and Ditt- 
rich in 1971 (Tribukait and Gustafson 1980). 


1.4.2 Immunocytology 


Since the discovery of radioactivity by Henri Bec- 
querel in 1896 and the studies of the Hungarian 


_ chemist George C. de Hevesky on radioactive tra- 


cers, scientists and physicians have explored the 
concept of developing specially labeled molecules 
for the diagnosis and treatment of diseases (La 
France et al. 1985). 

In urinary cytology as well, much effort has been 
focused on the discovery of antigenic markers of 
urothelial tumors that would specifically and selec- 
tively discriminate tumor cells from nonneoplastic 
urothelium. Pressman was the first, in 1949, to at- 
tempt isotopic labeling with antibodies and later 
demonstrated their localization in mammalian tu- 
mors. In subsequent decades heterologous anti- 
sera were used in an attempt to identify tumor-spe- 
cific antigens, but results were disappointing due to 
the inadequate specificity of these polyvalent anti- 
sera and the associated cross-reactions that occur- 
red. 

The most revolutionary development took place 
in 1975 when Köhler and Milstein described a pro- 
cess for producing antibodies of predefined speci- 
ficity in unlimited quantities. Monoclonal antibody 
technology represented a major advance in 
oncologic urinary cytology and led to the develop- 
ment of many antibodies directed against urotheli- 
al tumors. But while various tumor-associated anti- 
gens have been found in the urine of patients with 
bladder cancer, a tumor-specific antibody has re- 
mained elusive, and further historic developments 
are needed in the quest for Paul Ehrlich’s proclai- 
med “magic bullet.” 
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2.1 Introduction 


The cancer statistics clearly demonstrate a rising 
incidence of urothelial tumors, especially in the in- 
dustrialized regions (for the Federal Republic of 
Germany, see, for example, Federal Public Health 
Office 1987). While bladder cancer among males 
ranked sixth in 1977 with 6100 new cases (Federal 
Minister 1983), it rose to third place in 1986 with 
10000 reported primary occurrences (see Table 
5.1, p.36). 

The effective treatment of these cancers is not 
possible without early diagnosis of both the pri- 
mary tumor and of recurrent disease (Table 2.1). 
Urinary cytology is of paramount importance in 
this setting as the only noninvasive method of ex- 
amination available. 


Table 2.1. Indications for urinary cytology 


Dysuria and alguria of unknown causes 
Micro- and macrohematuria 
Preoperative staging of urothelial tumors (CA in situ?) 
Postoperative treatment of urothelial tumors 

— After transurethral tumor resection 

— Monitoring of instillation treatment 

— Lavage cytology of the urethral stump after cystectomy 
Screening in risk groups 

— Analgesic (phenacetin) abuse 

— Occupational exposure to carcinogenic substances 
Rare indications 

— Suspicious for vesicoenteral fistula 

— Extraurologic tumor invasion 


2.2 Reasons for the Broad Range 
of Indications for Urinary Cytology 


2.2.1 Broad Diagnostic Coverage 
of Urothelial Surfaces 


Because more than 95% of all urothelial cancers 
arise on the mucosal surface, they are detectable 
by the presence of tumor cells that are desquamat- 
ed (exfoliated) into the urine. This broad-coverage 
aspect of urinary cytology is especially important 
in the diagnosis of dysplasias and flat tumors, 
which can escape detection by endoscopy, uro- 
radiology, and needle biopsy (Fig. 2.1). 


2.2.2 High Diagnostic Accuracy 
of Conventional Urinary Cytology 


Conventional urinary cytology can detect approxi- 
mately 70% of all urothelial cancers (Esposti et al. 
1978; Murphy et al. 1986; Riibben et al. 1989). 
This numerically low accuracy rate is due to the 
relative insensitivity of urinary cytology to highly 
differentiated urothelial tumors of low biological 
aggressiveness, which are detected in less than 
50% of cases. The cells shed from these tumors of- 
ten show a lack of pathologic anatomy in that they 
display minimal morphologic criteria of malignan- 
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cy. Also, they are as difficult to distinguish from re- 
active cell changes due to infection or lithiasis as 
they are from mild urothelial dysplasias, the latter 
having no pathologic significance for the patient 
(Jakse et al. 1986). Because less than 2% of highly 
differentiated urothelial tumors exhibit an inva- 
sive type of growth (Riibben et al. 1989), the low 
accuracy rate of the conventional cytologic diagno- 
sis of these tumors has little clinical significance. 

On the other hand, conventional urinary cytolo- 
gy has demonstrated a very high sensitivity, or tu- 
mor detection rate, for the frequently invasive mo- 
derately differentiated (grade 2) and poorly 
differentiated (grade 3) urothelial tumors. It is be- 
tween 65% and 80% sensitive in the detection of 
grade 2 cancers, and 85% -90% sensitive in detect- 
ing poorly differentiated urothelial neoplasms 
(Jakse et al. 1986; Koss et al. 1985; Murphy et al. 
1986, Riibben et al. 1989). Its specificity, or rate of 
true-negative findings, is between 78% and 95% 
(Riibben et al. 1989). 

The clinical relevance of the high sensitivity of 
conventional urine cytology to poorly differentiat- 
ed urothelial tumors is well illustrated by carci- 
noma in situ (see Fig.2.1). This growth variant of 
urothelial cancer can occur in association with 
highly differentiated tumors and can have serious 
prognostic implications (Althausen et al. 1976). 
Since carcinoma in situ is virtually asymptomatic 
and is rarely detected by cystoscopy, the 90% de- 
tection rate by urinary cytology is critically impor- 
tant. For example, a positive cytologic diagnosis 
prior to a tumor resection would confirm the need 
to take multiple biopsies of the bladder mucosa se- 
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Fig. 2.1. While only exophytic lesions 
can be detected by cystoscopy, urinary 
cytology can also detect cells sloughed 
from flat areas of dysplasia or carci- 
noma. (Modified from Hofstadter) 


parate from the visible area of exophytic tumor 
growth. A routine biopsy performed as part of the 
tumor resection cannot replace adjunctive urinary 
cytology, because the biopsy covers only a small 
fraction of the urothelium and lacks the broad co- 
verage of the cytologic examination. Harving et al. 
(1988) confirmed that urinary cytology is more 
sensitive than multiple biopsies in detecting an ac- 
companying carcinoma in situ. 


2.2.3 Follow-Up of Surgical Patients 


The follow-up of surgically treated urothelial tu- 
mors varies in accordance with the diversity of sur- 
gical options. Possible studies include urinary cyto- 
logy performed after a transurethral bladder 
tumor resection to check for residual or recurrent 
tumor in the bladder and upper urinary tract, ure- 
thral irrigation cytology performed after radical 
cystectomy, and the cytologic follow-up of a supra- 
vesical urinary diversion or ileal conduit. 


2.2.3.1 Follow-Up of Transurethral Tumor 
Resections 


A transurethral tumor resection leads to signifi- 
cant reactive and degenerative urothelial changes 
that can complicate cytologic evaluation. Al- 
though residual tumor cells can be detected as ear- 
ly as 3 days after the incomplete resection of a blad- 
der tumor (Miiller et al. 1985), an interval of at 
least 7 days should pass between surgery and cyto- 
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logic follow-up to optimize the readability of the 
specimens and improve diagnostic accuracy. 


2.2.3.2 Monitoring of the Postcystectomy 
Urethral Remnant 


The reported incidence of recurrent carcinoma of 
the urethral remnant after radical cystectomy ran- 
ges from 4% (Cordonnier and Spjut 1962) to 18% 
(Gowing 1960). Schellhammer and Whitemore 
(1976) report a 7% incidence of urethral stump 
carcinoma (24/348), while Hickey et al. (1986) re- 
port a 10% incidence (7/72). 

Due to the slim chance of curing a recurrent tu- 
mor of the urethral remnant by the time clinical 
symptoms are noted (Schellhammer and White- 
more 1976), there have been repeated calls to com- 
bine a prophylactic urethrectomy with the original 
cystectomy. But because this procedure has be- 
come established only for special indications such 
as carcinoma in situ, the problem of effective after- 
care becomes a challenge. The inadequate sensiti- 
vity of urethroscopy as an exclusive follow-up stu- 
dy was demonstrated by Schellhammer and 
Whitemore (1976), who detected only one-half of 
24 recurrent tumors by endoscopic examination. 

This underscores the potential importance of 
urethral irrigation cytology, which offers the addi- 
tional advantage of low invasiveness. Although cy- 
tologic specimens are sometimes difficult to 
interpret because of the reactive changes induced 
by the irrigation, cytology has nevertheless proven 
to be a valuable technique (Hermansen et al. 
1988). 

For purely technical reasons, the urethra should 
be irrigated through a thin-gauge disposable cathe- 
ter rather than through an olive applied externally 
to the urethral meatus to ensure that sufficient cel- 
lular material is collected from the relevant por- 
tion of the proximal urethra (see Chap. 8). 


2.2.3.3 Monitoring Response to Intravesical 
Chemoimmunotherapy 


The reactive cytomorphologic changes induced by 
intravesical chemotherapy and immune therapy 
can pose a significant obstacle to cytologic follow- 
up (Roth and Rathert 1989). Nevertheless, this 
therapy represents an important indication for on- 
cologic urinary cytology, owing in part to a lack of 
other cost-effective noninvasive options. 

In a follow-up study of 65 patients treated by the 
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intravesical instillation of BCG, Bretton et al. 
(1989) showed that conventional cytology correct- 
ly detected the absence of tumor (specificity) in 29 
of 36 patients (81% ) 3 months after therapy. Paral- 
lel automated flow cytometry achieved a specifici- 
ty of only 56% (20/36). Tumor recurrence was de- 
tected by cytology with a sensitivity of “only” 55% 
(19/29) compared with 69% (20/29) by flow cy- 
tometry, but the purely numerical inferiority of 
conventional urine cytology is qualified by other 
considerations. On the one hand, the correct 
identification of tumor-free patients (specificity) is 
just as important as the detection of recurrence in 
terms of avoiding unnecessary biopsy; on the 
other, there is the problem of practicality. Because 
oncologic follow-up is largely provided in clinical 
and office settings that do not have sophisticated 
image analysis equipment, there is a need for the 
optimum utilization of conventional urinary cyto- 
logic techniques. 


2.2.4 Urinary Cytology and Hematuria 


One of the most common diagnostic problems con- 
fronting the urologist is hematuria. This applies 
less to gross hematuria in older patients, which is 
an ominous sign necessitating a careful exclusion 
of malignancy, than to persistent microhematuria 
in younger individuals. 

Several factors support the use of urinary cytolo- 
gy in the diagnostic evaluation of hematuria: 


— Only a microscopic analysis can distinguish 
“true” hematuria from “apparent” hematuria cau- 
sed, for example, by dyes, medications, or hemoly- 
SIS. 

— Hematuria, whether gross or microscopic, is the 
cardinal symptom of urothelial cancer. The sloug- 
hing of tumor cells into the urine and the high accu- 
racy rate of their cytologic detection should make 
urinary cytology a standard procedure in the inve- 
stigation of hematuria. 

— A glomerular origin of the bleeding can be esta- 
blished with more than 90% sensitivity and specifi- 
city based on characteristic changes in urinary 
erythrocyte morphology. This can be done within 
the framework of oncologic urinary cytology with- 
out using special stains or microscopic equipment 
(see Chap. 12). 
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2.2.5 Urinary Cytology and Drug Abuse 


The initial reports from Sweden in 1969 on the link 
between chronic analgesic abuse and urothelial tu- 
mors of the renal pelvis were received with skepti- 
cism (Rathert et al. 1975). However, numerous 
pharmacologic, epidemiologic, and case studies 
have shown that excessive phenacetin consumption 
(more than 5 kg) not only leads to renal papillary 
necrosis but also may be responsible for the induc- 
tion of urothelial cancer after an average latent pe- 
riod of 22 years (Rathert et al. 1975; Porpaczy and 
Schramek 1981). 

Although phenacetin has since been banned as 
an ingredient in analgesic products, there will con- 
tinue to be a need for the urinary cytologic moni- 
toring of patients with a prior history of abuse. 
Moreover, it remains to be seen whether the substi- 
tution of acetaminophen for phenacetin is a real 
solution, for nearly all the metabolic pathways of 
phenacetin are also accessible to acetaminophen 
(Rathert 1987). 


2.2.6 Urinary Cytology and Exposure 
to Carcinogens 


Since 1895 when Ludwig Rehn pointed to the link 
between papillary bladder tumors and exposure to 
aniline dyes, there has been interest in testing for 
potential exogenous and endogenous carcinogens 
in the urine. 

Known exogenous urothelial carcinogens in- 
clude the aromatic amines a-naphthylamine and 
paraaminodiphenyl, which occur as intermediate 
products in the manufacture of dyes, textiles, 
leather, and rubber (Zingg 1982). In 503 men who 
had long-term occupational exposure to paraamin- 
odiphenyl, 35 (7%) developed bladder cancer 
(Koss et al. 1969). The duration of exposure was 
approximately 2 years, and the latent period ran- 
ged from 18 to 45 years. 

This fact has led to the recognition of bladder 
cancer as an occupational disease among workers 
in certain industries, and trade associations in Ger- 
many have made it mandatory for workers regular- 
ly exposed to aromatic nitro or amino compounds 
to undergo routine medical examinations that 1n- 
clude a cytologic examination of the urinary sedi- 
ment. This is repeated at intervals of 6-12 months, 
depending on previous findings. 

Although a relationship between urothelial can- 
cer and cigarette smoking has not yet been definite- 
ly proven (Zingg 1982), it is strongly supported by 
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epidemiologic evidence. On the one hand, a direct 
exogenous carcinogenic action is ascribed to the 
small amounts of œ- and B-naphthylamine present 
in cigarette smoke. Smoking also appears to inhibit 
the breakdown of various tryptophan metabolites 
into niacin, leading to a buildup of endogenous car- 
cinogens (O’Flynn et al. 1975). Overall, it is esti- 
mated that the risk of urothelial carcinogenesis is 
two to five times higher in cigarette smokers than 
in nonsmokers (Zingg 1982). In a randomized epi- 
demiologic study of more than 6000 postmortem 
bladder biopsies performed in 282 persons, a strik- 
ing correlation was noted between the degree of 
dysplasia and cigarette consumption (Auerbach 
and Garfinkel 1989). Nuclear atypias and epitheli- 
al structural changes were found in only 4.3% of all 
nonsmokers, compared with 72.9% of persons 
smoking 20-39 cigarettes per day and 88.4% of 
persons smoking more than 40 cigarettes per day. 

In addition, animal studies have proven the car- 
cinogenic effect of certain cytostatic drugs, especi- 
ally cyclophosphamide (Endoxan), although there 
are Only isolated case reports on the occurrence of 
urothelial cancer in humans secondary to cytostat- 
ic use. 

Especially in persons exposed chronically to 
aromatic amines, urinary cytology provides a 
rapid, elegant, effective, and economical method 
of cancer screening. 


2.2.7 Other Indications for Urinary Cytology 
2.2.7.1 Vesicoenteric Fistulas 


The diagnosis of vesicoenteric fistulas is frequently 
difficult. Despite sophisticated uroradiologic tech- 
niques (Roth and Rathert 1988), urinary cytology 
can be a useful adjunct, since even cystoscopy can 
locate the fistula in no more than 40% of cases. 
Cytology typically demonstrates many coliform 
bacteria and fibrous residues from undigested 


= vegetable matter in addition to general inflamma- 


tory urinary constituents. 


2.2.7.2 Extraurologic Tumors Invading 
the Urinary Tract 


Although urinary cytology is of little value for the 
differentiation of nonurothelial malignant cells, it 
can detect cells that are at least pathologically 
suspicious in cases where an extraurologic tumor 
has penetrated the urothelium. In selected cases 
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this can provide information useful for the plan- 
ning of therapy. 
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3.1 Introduction 


Most of the excretory portion of the urinary tract — 
the renal pelvis and ureter, the bladder except for 
the trigone, and the proximal part of the urethra — 
is lined by urothelium. This regional variant of 
transitional epithelium is distinguished by a super- 
ficial layer of “umbrella cells,” large caplike cells 
that typically cover the intermediate and basal 
layers of urothelial cells (see Fig. 3.1). The umbrel- 
la cells themselves are covered on the luminal side 
by a mucopolysaccharide layer containing sialic 
acid and, on scanning electron microscopy, exhibit 
a network of prominent surface ridges that disap- 
pear following certain types of urothelial injury 
(see Chap. 4). 

The thickness of the urothelium gradually in- 
creases from the calices of the renal pelvis (two to 
three layers of cells) to the ureters (four to five 
layers of cells) to the bladder and urethra (six to 
seven layers of cells). Beyond this, there are no 
appreciable differences in the cell spectra of these 
urinary tract segments, and urinary cytology of ex- 


foliated cells shows no differentiating features as 
to their origin. The contention that umbrella cells 
can arise only from normal urothelium, and that 
corresponding conclusions can be drawn from 
their presence in cytologic material, is no longer 
justified since these cells have also been demon- 
strated on (benign) urothelial papillomas. 

The cells of the intermediate and basal layers of 
the urothelium do not differ substantially from the 
transitional epithelial cells in other body regions. 
The basement membrane of the urothelium is only 
faintly visible by light microscopy and relates close- 
ly to the capillaries and to processes from nerve fi- 
bers in the variably thick subepithelial stroma. This 
relatively thin basement membrane and its connec- 
tion with the capillary bloodstream account for the 
rapid appearance of granulocytes, monocytes, and 
extravasated red cells in the urothelium, and their 
subsequent passage into the urinary stream, in re- 
sponse to various insults (“hemorrhagic cystitis”). 

Unlike the epithelium of the small bowel, for ex- 
ample, the intact urothelium contains no intra- 
epithelial representatives from the local populati- 
on of lymphocytes or monocytes. 

At the trigone of the urinary bladder in women 
and in older men, the urothelial lining is replaced 
by a noncornifying squamous epithelium having 
about the same structure and thickness as the vagı- 
nal epithelium (“trigonal metaplasia”). This tissue 
also lines the distal portion of the urethra in both 
sexes. Thus, isolated superficial cells from this 
epithelium are part of the normal cell spectrum ob- 
served in spontaneously voided urine. 

The changes that can affect the non-neoplastic 
urothelium are highly diverse and shall be treated 
here only by reference to selected examples that il- 
lustrate their effects on the cell spectrum in centri- 
fuged urine sediment. 
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Fig.3.1. Urinary bladder, 

H & E, x 316. Simple numerical 
hyperplasia of the urothelium in 
a 52-year-old male. The urothe- 
lial structure is preserved, but 
there is widening of the interme- 
diate cell layer with detachment 
of a superficial umbrella cell 


Fig. 3.2. Urinary bladder, 

H & E, x 316. Pure mechanical 
alteration of the bladder by an 
indwelling catheter in a 79-year- 
old male. The stroma is marked- 
ly hyperemic and edematous, 
and the urothelium shows in- 
creased cellularity with epider- 
moid transformation of the um- 
brella cells, which are barely 
identifiable as such 


Fig.3.3. Urinary bladder, 

H & E, x 316. Acute flareup of 
Hunner’s cystitis in a 20-year-old 
female. The urothelium is pro- 
tuberant and edematous and is 
permeated by granulocytes and 
markedly dilated capillaries. 
The cell spectrum is normal 
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3.2 Simple Urothelial Hyperplasia 


Simple (numerical) urothelial hyperplasia is caus- 
ed by an insult, usually localized, that increases the 
number of cells in the urothelium without alter- 
ing its basic stratification or structure. This reactive 
change in the urothelium does not affect the cell 
spectrum observed in the urine (Fig. 3.1). 


3.3 Adaptation of the Urothelium 
to Mechanical Stresses 


The most notable adaptation involves the urotheli- 
al changes induced by urinary lithiasis, although 
the basic process underlying these adaptive 
changes is illustrated by a very simple and well- 
known mechanism: the effect of an indwelling ca- 
theter on the bladder urothelium (Fig.3.2). There 
is conspicuous hyperemia and high-grade edema 
of the subepithelial stroma, but most significant is 
an early increase of cellularity and a transformati- 
on of the umbrella cells, whose nuclei become 
smaller and more compact and whose cytoplasm 
becomes denser and eosinophilic, giving rise to a 
kind of epidermoid metaplasia that becomes appa- 
rent within a few days. These altered cells can be 
recognized in the urine sediment. 


3.4 Acute Inflammation 


Banal findings are often difficult to demonstrate 
morphologically, for they generally do not require 
histologic evaluation. This is true of most acute 
urinary tract infections. Hunner’s cystitis 
(Fig.3.3), because of its episodic course, requires 
histologic investigation to establish a diagnosis or 
detect a recurrent. The associated superficial 
changes basically match the features of other acu- 
te inflammations: marked capillary dilatation, the 
exudation of granulocytes, and edematous expan- 
sion of the urothelium, so that the urine sediment 
may contain cells from all layers of the transitio- 
nal epithelium. 
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3.5 Chronic Inflammation 


TUR cystitis, which has become a clinically impor- 
tant entity, is associated not just with ulcerations 
and foreign body reactions, which occasionally 
may be apparent in the sediment, but also with 
nonspecific chronic inflammatory states in the 
intact urothelium (Fig. 3.4). The subepithelial stro- 
ma shows heavy lymphohistiocytic infiltration and 
increased vascularity. The urothelium is markedly 
thickened, its cellularity is increased, and its 
layered arrangement is preserved. Besides inflam- 
matory cells, which also spread intraepithelially, 
the sediment contains increased numbers of cells 
from the middle and upper layers and fewer from 
the basal cell layer of the urothelium. Atypias do 
not occur except in association with a recurrence of 
the underlying disease that necessitated the origi- 
nal procedure. There are no cytomorphologic fea- 
tures that distinguish this component of TUR cys- 
titis from other chronic nonsuppurative urinary 
tract infections. 
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Fig.3.4. Urinary bladder, 

H & E, x 316. Chronic cystitis as 
a nonulcerous component of 
TUR cystitis in a 63-year-old fe- 
male. Basally there is perivascu- 
lar lymphohistiocytic infiltration 
and capillary proliferation, and 
there is marked general epithe- 
lial thickening with heavy super- 
ficial vacuolation and an other- 
wise normal cell spectrum 


Fig. 3.5. Urinary bladder, 

H & E, x 316. Cystitis glandula- 
ris (cystica) in a 66-year-old fe- 
male. The urothelium is per- 
meated by columnar epithelial 
cells with superficial tubular 
structures; otherwise the cellu- 
lar pattern is normal 


Fig. 3.6. Urinary bladder, 

H & E, x 316. Tuberculous cysti- 
tis in a 62-year-old female. The 
arrow points to an epithelioid 
cell granuloma within the stro- 
ma. The urothelium is flattened, 
shows increased cellularity with 
superficial sloughing, and is per- 
meated by inflammatory cells 
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Fig.3.7. Urinary bladder, 

H & E, x 316. Bilharzial cystitis in 
a 29-year-old male. There are 
parasite eggs and heavy inflam- 
matory infiltrate in the superficial 
stroma. There is sloughing of 
large urothelial fragments (ero- 
sion) and a generally variegated 
cellular pattern 


Fig.3.8. Urinary bladder, 

H&E, x 316. Cystitis in a 64-year- 
old female secondary to radiation 
injury 3 years before. There is 
epithelial atrophy with nuclear 
atypias and corresponding nucle- 
ar changes in the sclerosed stro- 
ma, which shows diffuse histiocy- 
tic infiltration. The cellular 
pattern is very atypical 


Fig.3.9. Ileal conduit, 

H & E, x 316. Crypt region of the 
substitute bladder in a 45-year-old 
female 3 months after urinary di- 
version. The crypt lumen is dila- 
ted, and there is proliferation of 
enterocytes with abundant cyto- 
plasm. There is an increase of mu- 
cus secretion at abnormal sites 
without the typical goblet cell pat- 
tern 
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3.6 Cystitis Glandularis 
(Cystica) 


Follicular and glandular (cystic) chronic inflamma- 
tions of the urothelium are relatively common. The 
epithelial changes associated with follicular in- 
flammation correspond largely to those in nonspe- 
cific chronic inflammations, whereas the glandular 
form (Fig.3.5) may lead to the appearance of co- 
lumnar cells in the sediment if the glandular meta- 
plasia is not just manifested by cyst formation in 
the subepithelial stroma but also involves the 
epithelium itself. 


3.7 Tuberculous Cystitis 


Tuberculosis of the urinary tract, which today oc- 
curs chiefly in immune-compromised individuals, 
can have manifestations similar to those of TUR- 
cystitis. Besides ulcerations due to caseous necro- 
sis, the superficial stroma may contain typical 
epithelioid cell granulomas (Fig.3.6) while the 
epithelium itself is markedly edematous and per- 
meated by inflammatory cells. An abnormal, 
though not “specific,” cell spectrum is found in the 
urine sediment. 


3.8 Bilharzial Cystitis 


Schistosomiasis is a (sub)tropical disease whose 
practical relevance, even among urinary tract in- 
fections, has increased with changes in modern 
living conditions. The coexistence of chronic and 
acute inflammatory changes leads to a heavy exfo- 
liation of cells (Fig.3.7). The frequent erosive de- 
fects can allow the subepithelial parasite eggs to 
enter the urine, where they are accessible to cyto- 
logic detection (see Fig.9.93a—c). The variegated 


cytologic features of this chronic recurrent erosive © 


cystitis call for close surveillance due to the signifi- 
cant potential for degeneration to squamous cell 
carcinoma of the bladder. 


3.9 Radiation Cystitis 


Even early radiation-induced damage to the uro- 
thelium is manifested by a flattening of the epithe- 
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lium along with epithelial defects and a relatively 
mild inflammatory infiltrate. In the late stage 
(Fig.3.8) the cell picture is generally atrophic due 
to the impaired regenerative capacity of the uro- 
thelium, with nuclear atypias and corresponding 
nuclear changes appearing in the mesenchymal 
cells of the stroma. The histologic interpretation of 
these findings is facilitated by the prominent atro- 
phic features, whereas radiogenic changes in the 
urine sediment are very difficult to identify cytolo- 
gically unless the prior history of radiation expo- 
sure is known (see Fig. 9.84 ff.). 


3.10 Appendix: Epithelial Changes 
in the Ileal Conduit 


In addition to the urothelial changes mentioned 
above, there is another situation of potential prac- 
tical relevance: changes relating to the metamor- 
phosis of the ileal mucosa in a substitute bladder. 
These structural adaptations include a shortening 
of the villi, a deepening of the crypts, and changes 
in the intestinal epithelium. Eight distinct cell 
types are still present in the mucosa, but the predo- 
minant cells, the enterocytes, tend to shift their 
nuclear-cytoplasmic ratio in favor of the (nonhy- 
dropic) cytoplasm, especially in the expanded 
crypts, with some cells acquiring a structure resem- 
bling that of umbrella cells (Fig.3.9). In all the 
crypts there is intensified mucus secretion at atypi- 
cal sites from proliferated goblet cells. The fore- 
going cell structures are easily differentiated from 
malignant cells in the urine sediment following, 
say, the spread of recurrent cancer to the ileal con- 
duit. 


3.11 Conclusion 


This morphologic examination of nonneoplastic 
changes in the excretory portion of the urinary 
tract, and especially the urinary bladder, differs 
from traditional descriptions in that the main em- 
phasis has been placed on changes in the urothe- 
lium. Conventional viewpoints usually relegate 
these findings to the background as “associated 
reactions.” But the urothelial reactions associated 
with almost all lower urinary tract disorders gene- 
rate cytologic abnormalities that can permit a dif- 
ferential diagnosis of the underlying disease at an 
earlier and hence more favorable point in time. 


Non-neoplastic Transitional Epithelium of the Urinary Tract 


Thus, we have not only examined the normal ap- 
pearance of the urothelium but have also consider- 
ed the somewhat broader spectrum of non-neo- 
plastic urothelia and their impact on findings in the 
urine sediment. 
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4.1 Physiology of the Bladder 
Epithelium 


The composition of the urine in mammals is deter- 
mined by the interaction of filtration pressures and 
concentration gradients and by a hormonally con- 
trolled enzyme transport system in the kidneys. 
The urine collected in the bladder is usually hyper- 
tonic and differs substantially from blood plasma 
in its organic and inorganic constituents. Normally 
the osmotic pressure of urine is two to four times 
higher than the osmotic pressure of blood plasma: 
Urine contains 100 times more urea and creatinine, 
30 times more phosphate, and 60 times more sul- 
fate ions (Valtin 1978). 

The blood capillaries of the urinary bladder are 
located in the lamina propria below the epithelium 
that lines the bladder. Only the thin urothelium 
separates the space containing hypertonic urine 
from the vessels with their isotonic blood plasma, 
and thus sustains the high chemical gradient bet- 
ween the urine and plasma. In this sense the blad- 
der epithelium forms an impermeable barrier for 
water and electrolytes (Englund 1956), compara- 
ble to a plastic bag. 


In amphibians, by contrast, the urine can be chemically 
altered while still inside the bladder. In animals that hatch in 
fresh water, this provides an extra mechanism for the conser- 
vation of salt. The capacious urinary bladder in these ani- 
mals can reabsorb sodium ions from the urine against a high 
electrochemical gradient. Because this absorption is 
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influenced partly by aldosterone, the toad bladder provides 
an excellent biological model for the electrophysiologic in- 
vestigation of transepithelial transport processes (Leaf 
1966). The bladder epithelia of mammals and amphibians 
thus perform different physiologic tasks, and one must be ca- 
reful in drawing morphologic comparisons. On the other 
hand, Nelson et al. (1975) report that the brown bear (Ursus 
americanus) is able during hibernation to concentrate blad- 
der urine by the reabsorption of water; this protective me- 
chanism greatly curtails fluid loss during winter sleep while 
eliminating urine odor that might attract predators. These 
findings are particularly interesting in the light of in vitro stu- 
dies by Lewis and Diamond (1975) and Lewis et al. 
(1976a,b), which demonstrated a transepithelial transport of 
ions in the bladder epithelium of rabbits. Schiitz (1980) 
made similar findings in the urothelium of the human renal 
pelvis. 


These qualifications aside, the bladder epithelium 
in mammals and humans may be regarded as an es- 
sentially impermeable layer. 

Another distinctive property of the bladder 
epithelium is its ability to adapt morphologically to 
contraction and expansion of the bladder wall. 
This transformational ability of the urothelial cells 
with bladder distention lends a special meaning to 
the term “transitional epithelium” proposed by Ja- 
kob Henle. This property is necessary because the 
epithelium closely overlies the muscular coat, 
separated from it only by a submucosal layer. 


4.2 The Urothelium: 
A Multilayered Epithelium 


Since the work of Petry and Amon (1966), the tran- 
sitional epithelium was viewed histologically in 
German-language textbooks as a unilayered pseu- 
dostratified epithelium. The Anglo-American and 
pathohistologic literature, however, continued to 
regard the transitional epithelium as a multi- 
layered structure. We were able to show in ultra- 
thin electron microscopic sections that the superfi- 
cial cells of the urothelium have no connections 
with the basement membrane (Peter 1985). Thus, 
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Fig.4.1. Schematic diagram of the distended (a) and non- 
distended (b) urinary bladder epithelium. The urothelial 
cells increase in size from the basal layer toward the lumen. 
Luminal (7), intermediate (2), and basal (3) cell layers. Lp, 
Lamina propria 


the mammalian urothelium should continue to be 
regarded as a multilayered epithelium. 

Three cell layers — a superficial (luminal) layer, 
an intermediate layer, and a basal layer — can be 
distinguished in the moderately distended urinary 
bladder.' The size of the cells increases from the 
basal layer toward the bladder lumen (Figs. 4.1, 
4.2). 

The cytoplasmic structures of the basal cells dis- 
play no unusual features. The cells contain many 
free ribosomes, abundant filaments, some mito- 
chondria, dense bodies, and scant endoplasmic re- 
ticulum. The Golgi apparatus is poorly developed. 


The basal cells of the urothelium lie upon a lamina ~ 


propria that consists largely of fibrocytes and colla- 
genous connective tissue permeated by blood ves- 
sels and lymphatics (Fig.4.2). Deep to the lamina 
propria is the muscular coat, a layer of smooth 
muscle cells reinforced by strands of connective 
tissue. 


!For the terminology of urothelial cells, see also Chap.7, 
p.53. 
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In the cells of the intermediate layer as well, the 
cell nuclei, endoplasmic reticulum, mitochondria 
and ribosomes present no unusual features. The in- 
termediate cells differ from the basal cells, how- 
ever, in their very well developed Golgi apparatus. 
Scattered fusiform vacuoles occur in proximity to 
the Golgi apparatus. Lysosomes are rarely seen. 

The most distinctive feature of the cells in the su- 
perficial layer is the abundance of fusiform vacuo- 
les in their cytoplasm. These vacuoles appear less 
numerous in the distended bladder than in the con- 
tracted or nondistended bladder, where they tend 
to be crowded along the luminal side of the cells 
(Fig. 4.3). The membranes of the fusiform vacuoles 
are peculiar in that they are composed of two lay- 
ers, an inner layer approximately 80 A thick and an 
outer shell approximately 40 A thick (Fig. 4.4). 
Many a fusiform vacuole is in direct contact with 
the luminal cell membrane, touching it with one of 
its tapered extremities (Fig. 4.5). 


Hicks (1986) showed by electron microscopy that Golgi cis- 
terns, fusiform vacuoles, and the apical cell membranes have 
the same membranous structure, suggesting that the fusi- 
form vacuoles form from the membranes of the Golgi appa- 
ratus. Hicks also showed that the fusiform vacuoles serve as 
a “substitute membrane” for the apical cell membrane. La- 
beling studies by Porter et al. (1965) and Hicks (1966) sho- 
wed that the fusiform vacuoles also form after invagina- 
tion of the apical cell membrane. This process is thought to 
occur during or at least immediately following evacuation of 
the bladder. Invaginations or infoldings of the luminal cell 
membrane occur during bladder contraction to adapt the lu- 
minal surface to the reduced bladder volume. The reverse 
process likely occurs during bladder expansion: Membranes 
of the fusiform vacuoles and the invaginated areas are incor- 
porated to enlarge the surface area of the luminal membrane 
(Minsky and Chlapowski 1978). 


4.3 Ultrastructure of Urothelial 
Carcinoma 


The cells of undifferentiated urothelial tumors 
show a loss of the specialized apical cell mem- 
brane. The new apical cell membranes are no lon- 
ger distinguishable by electron microscopy from 
normal membranes of other cells or from the late- 
ral and basolateral membranes of healthy urotheli- 
al cells. There is a characteristic loss of the double 
membrane and the appearance of stubby cellular 
processes, called microvilli, radiating toward the 
lumen. As dedifferentiation progresses, the micro- 
villi become more numerous in each section 
through the membrane and are no longer confined 
to its luminal side. As the cancer cells become in- 
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Fig.4.2. Low-power electron micrograph of the bladder propria (Lp) containing fibrocytes (F) and collagenous 
epithelium showing the luminal (7) and the intermediate (2) connective tissue (kB). The abundant fusiform vacuoles 


and basal (3) cell layers. The epithelium rests on the lamina (< <+) are visible even in the low-power view 
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Fig. 4.3. Cytoplasmic structures 
of a luminal cell. Most promi- 
nent are the fusiform vacuoles 
(sV). At left (<-) is an in- 
vagination of the luminal cell 
membrane. Ly, Lysosome 
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Fig.4.4. a High-power view 
of the luminal cell mem- 
brane clearly demonstrates 
the two-layered structure of 
the concave membrane seg- 
ments (+ <+). The membra- 
ne bridges (M) do not dis- 
play this bilaminarity. 

b High-power view of fusi- 
form vacuoles, whose mem- 
branes exhibit a bilaminar 
structure like the luminal 
cell membranes 
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creasingly detached from the surrounding tissue, 
greater numbers of microvilli appear all around 
their periphery (Fig. 4.6). 


4.4 Intercellular Connections 
in Urothelium 


Disregarding special forms or subgroups, we can 
distinguish three types of intercellular connections 
or bridges in the urothelium: 


1. Tight junctions 
2. Gap junctions 
3. Desmosomes 
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Fig.4.5. The fusiform vacuoles 
in the urothelium of the non- 
distended bladder are frequent- 
ly in direct contact with the lu- 
minal cell membrane (< <-). 
The apical cell membrane is 
stained with horseradish per- 
oxidase (black) 


Tight junctions occur between adjacent lateral cell 
membranes in the apical cell layers (Fig. 4.7). Each 
tight junction encircles each luminal cell close to its 
luminal surface, effectively sealing off the luminal 
compartment from the basolateral compartment. 
The adjacent cells are in such intimate contact at 
a tight junction that even high-power electron 
microscopy cannot define a space between them. 
The height of the tight junction, identifiable by its 
electron-dense structure (i.e., dark in the contrast- 
enhanced section), measures approximately 1.5 um 
in the urothelium. The tight junctions appear in 
freeze-fracture specimens as strands of membrane 
particles that encircle the cell like a belt and fuse 
with the “particle belts” of adjoining cells (Fig. 4.8). 
The actual intercellular attachment sites are con- 
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Fig.4.6. These urothelial cancer cells are interconnected 
only at single points by desmosomes (D). Microcilli (+ <+) 
appear on all sides of the cells 
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fined to points along the linear strands that encircle 
thecells. The tight junctions in the urothelium of the 
moderately dilated bladder are never located 
directly on the epithelial surface but are always re- 


cessed from it at the base of small infoldings. In the - 


distended bladder, however, the tight junctions ap- 
proach the lumen very closely. The infoldings may 
be regarded, then, as reserve luminal membranes 
that help provide the increased epithelial surface 
necessary during bladder distention. Tight junc- 
tions are not found outside the apical zones. 

Gap junctions, which are not visible in electron 
microscopic thin sections of the urothelium, show a 
variety of shapes and sizes on freeze-fracture repli- 
cas. They exhibit specific features in terms of loca- 
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Fig. 4.7. Contiguous cells of the 
luminal (7) and intermediate cell 
layers (2). The cell membranes 
are deeply interdigitated (+ <+) 
below the tight junction (77). 

T, tonofibrils; sV, fusiform vac- 
uoles; D, desmosomes 


tion and internal structure. They appear to be con- 
fined to urothelial cells of the intermediate and ba- 
sal layers (Peter 1978). The membrane particles 
themselves may be loosely distributed or densely 
arranged. The membrane particles seen in freeze- 
fracture preparations are the collapsed cavities of 
canals that interconnect the cytoplasm of adjacent 
cells. This junction, then, can provide direct electri- 
cal coupling of adjacent cells through an unimped- 
ed flow of ions, as well as mechanical coupling by 
amino acids (Fig.4.9). The only limiting factor is 
the diameter of the canals, which consistently mea- 
sures approximately 20 A. 

In theory, the canal sizes are sufficient to allow 
for cell-to-cell transmission of oncogenes or Onco- 


Cell 1 
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gene products through the gap junctions, permit- 
ting their spread throughout the bladder epitheli- 
um and enabling a multifocal pattern of growth. 

Desmosomes perform the physiologic task of 
establishing mechanical couplings between indi- 
vidual cells in a given tissue. Thus, desmosomes are 
particularly well developed in tissues that are sub- 
jected to large mechanical stresses. The desmoso- 
mes join with the tonofilaments to form a cytoske- 
leton which prevents excessive stretching and 
deformation of the cells. As in other cell systems, 
the desmosomes form attachment sites that ensure 
the mechanical coupling of one urothelial cell to an 
adjoining urothelial cell. Desmosomes appear in 
sections as electron-dense, finely fibrous thicken- 
ings of the cell membrane (Fig. 4.10). The opposing 
membrane surfaces are never directly adherent to 
each other, and the intercellular space is occupied 
by electron-dense material. 


Fig.4.9. Schematic and electron microscopic depictions of 
gap junctions. The electron micrographs illustrate the var- 
ious patterns of particle distribution in gap junctions. The 
particles represent the collapsed canals that interconnect the 
cytoplasm of adjacent cells 


Extracellular 


 Intercytoplasmic 
canal 


cue 
arsch i A 
SAT a n Tie 
PAN Eh: 3 5 
ny ji ea. | h { 
neh 7 | 
a 


BEN) 


A 
in F 
K 


Cell 2 


i J 


Bay ir = 


== 
am 
a 
Ey 

io. 

geile taae a a 


S: 


EN mT EEE, Las ee a af ental 
Me e aa e a ee a a 
"LLLI te a hei 
ai x 
LITT LT 
TR T te Saas 
nn š 


pè b 


| 

| 

1 4 
u Pl 


et 


= 


Fig.4.8. Schematic diagram of an opened tight junction, 
which encircles the cells like a belt. The width of the tight 
junctions is variable and depends on the number of particle 
strands 


A reduction of intercellular attachments ranging 
to a complete loss of intercellular cohesiveness is 
one of many characteristics of poorly differentiat- 
ed bladder tumors. At least in some tumors, the re- 
duction of tight junctions correlates directly with 
the degree of anaplasia, the increased transepithe- 
lial permeability giving carcinogens easier access 
to the basal cell layer (Simani et al. 1974). 

In the cervical epithelium as well, McNutt et al. 
(1971) noted a correlation between the number of 
gap junctions (nexuses) and the grade of malignan- 
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cy. Gap junctions are abundant in cervical epitheli- 
um that is normal or mildly dysplastic, but they are 
sparse in malignant and invasive cervical cancers. 
Since the decrease in gap junctions was observed 
prior to invasive growth, the authors suggest that 
deficient cell coupling promotes disordered, inva- 
sive growth, perhaps following the cell-to-cell pro- 
pagation of malignant growth via the gap junc- 
tions. 

The loss of desmosomes in dedifferentiated uro- 
thelial cells is associated with diminished intercel- 
lular cohesiveness. The reduced cohesiveness of 
tumor cells leads to a copious sloughing of tumor 
cells from bladder carcinoma and thus assumes 
practical importance in cytologic diagnosis. 
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Fig.4.10. Desmosomes (D), 
from which tonofibrils (T) 
radiate into the cells 
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5.1 Introduction 


Knowledge about the etiology and epidemiology 
of urothelial tumors provides a rationale for the 
selective use of urinary cytology in the screening of 
high-risk individuals and population groups. 

The etiologic relationship between exposure to 
harmful agents and malignant neoplasia was noted 


as early as 1775 by Percival Pott, who described 


scrotal tumors in chimney sweeps. Since then, 
countless studies have been published on the in- 
creased risk of malignant disease linked with expo- 
sure to environmental factors. 

Like Ludwig Rehn, who first postulated aro- 
matic amines as a cause of bladder carcinoma in 
1895, clinicians usually recognized the causal rela- 
tionship between agent and tumor when they no- 
ted unusually high incidences of disease occur- 
rence in certain population groups. 


Today, epidemiologic studies have become so 
complex that they are reserved for epidemiolo- 
gists. Nevertheless, there are several reasons why 
etiology is still a matter of concern for clinicians: 


1. For the discovery and reporting of tumor cases 
caused by occupational exposure to known carci- 
nogens, because 


— Not all carcinogens are known. 

— All known offending substances have not been 
withdrawn from use despite laws prohibiting the 
use and manufacture of the most potent urothe- 
lial carcinogens. 

— The latent period between carcinogen exposure 
and disease onset may be many years, and we see 
occupationally related urothelial cancers in indi- 
viduals exposed decades previously. 


2. For patient education. The physician is obliged 
to inform the patient and his family about potential 
exposure so that they can proceed with possible 
compensation claims following an epidemiologic 
risk assessment. 

3. For the identification of new carcinogens. Many 
new potentially carcinogenic substances are placed 
into circulation each year. Reports on findings sub- 
mitted to the epidemiologist by the clinician can 
aid in the early identification of these carcinogens. 
4. For the identification of etiologic factors that in- 
fluence the further course of the disease. Most 
bladder tumor patients remain under the care and 
supervision of a urologist for many years. During 
this time new tumors may develop and spread by 
infiltration or metastasis. There is reason to be- 
lieve that urothelial carcinogenesis is based on a 
multifactorial process in which the initiating event 
may have no therapeutic relevance, but the persis- 
tence of carcinogenic exposure will adversely af- 
fect the course of the disease. 
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5.2 Epidemiology 


The basis for epidemiologic studies is the observa- 
tion that diseases do not occur randomly. The es- 
sential goal of epidemiology is to identify these 
nonrandom events. This can be done descriptively 
or analytically. 


Descriptive studies document the morphology, stage, and 
differentiation of tumors based on population statistics, 
mortality statistics, and special tumor registries, and they 
supply information on incidence, prevalence, and mortality 
taking into account the factors of age, sex, race, geographic 
distribution, and temporal development. 

Analytic studies can supply considerably more informati- 
on than descriptive studies because they are directed toward 
a specific inquiry. 

In a cohort study, the group under study is identified by its 
exposure to a certain carcinogen over a designated period of 
time. In a case control study, the study group is defined by the 
disease itself and is compared with a corresponding control 
group that matches the study group in all respects (age, sex, 
etc.) except that it is unaffected by the neoplastic disease. 


5.2.1 Incidence 


The occurrence of bladder tumors in a population 
can be stated as either an age-specific incidence or 
an age-normalized incidence for the population as 
a whole and is expressed as the number of new 
cases per 100 000 inhabitants per year. The age- 
specific incidence of bladder cancer is the same 
in the United States and Western Europe; the in- 
cidence data are listed in Table 5.1. 


The relative incidence of bladder cancer rises sharply during 
the sixth decade of life. Incidence by gender in the Western 
industrialized nations shows an approximately 3:1 prepon- 
derance of males. 


Studies by the National Cancer Institute show that, 
between 1939 and 1971, the incidence of bladder 
cancer rose from 14.1 to 21.3 in white males and 
from 3.8 to 9.8 in black males. 

The incidence of bladder cancer varies signifi- 


cantly among different continents, countries, and ~ 


even among different regions of the same country. 
For example, the mortality rate is 7.9 in South Afri- 
ca, approximately 5.5 in Central Europe, but only 
2.4 in Japan. The apparent causal significance of 
environmental factors in bladder cancer preva- 
lence is further supported by a comparison of ur- 
ban and rural populations, indicating a two times 
higher incidence among city dwellers (Morrison 
and Cole 1976). 
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Table 5.1. Age-specific and age-normalized incidence rates 
for bladder cancer in the white population of the United 
States (after Cutler and Young 1975) 


Age Males Females 
(%) (%) 
0-19 0,2 0,2 
20-29 1,0 0,3 
30-39 2,5 1,0 
40-49 10,3 2,7 
50-59 32,4 10,5 
60-69 91,2 25,9 
70-79 172,3 42,2 
<80 201,5 62,5 


5.3 Etiology 


5.3.1 Aromatic Amines (Arylamine) 


The first report by Rehn (1895) on the devel- 
opment of bladder tumors in four chemical dye 
workers has been followed by numerous reports 
from Europe and the U.S. Hueper et al. (1938) 
supplied the first experimental proof that aromatic 
amines cause bladder tumors. 


Transitional cell tumors of the bladder developed in dogs 
that had been fed 2-naphthylamine. This finding prompted 
the chemical industry to conduct extensive epidemiologic 
studies (Case et al. 1954). The results in Great Britain show- 
ed that workers who were exposed to 1-naphthylamine, 2- 
naphthylamine, auramine, fuchsin, or benzidine had an in- 
creased risk of developing a bladder tumor, and that this risk 
was proportional to the intensity and duration of the expo- 
sure. The data did not demonstrate an increased risk asso- 
ciated with the manufacture or use of aniline (Case and 
Pearson 1954). Rehn’s original theory had been that aniline 
was the agent responsible for the development of bladder 
tumors, and even today aniline dyes are still used as a syn- 
onym for occupationally induced bladder cancer. 


On the basis of these findings, manufacture of the 
offending agents was banned in subsequent years. 
Japan was the last nation, in 1972, to suspend the 
manufacture of 2-naphthylamine (Ohkawa et al. 
1982). 

Melick identified 4-aminobiphenyl as a urotheli- 
al carcinogen that had caused bladder tumors in 
workers at two factories in the U.S. A 17-year fol- 
low-up demonstrated a bladder cancer rate of 
16.1%-18.5% in exposed workers (Melick et al. 
1971). 

Chemical urothelial carcinogens generally have 
comparable chemical structures and frequently be- 
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long to the class of aromatic amines. They are ab- 
sorbed via the gastrointestinal tract, lung, and skin. 
Known human bladder carcinogens include: 


— 2-Naphthylamine 
— Benzidine 

— 4-Aminobiphenyl 
— Dichlorobenzidine 
— Orthodianisidine 
— Orthotolidine 

— Phenacetin 

— Chlornaphazine 

— Cyclophosphamide 


Many occupations are known that have involved 
worker exposure to aromatic amines. Despite 
stringent surveillance and controls, it is inevitable 
that some workers will still develop occupationally 
induced bladder tumors, because a latent period of 
10-40 can elapse between exposure to the agent 
and the development of cancer. 

Occupational groups in the following industries 
are at particularly high risk: 


— Dye industry 

— Rubber processing industry (cables, etc.) 
— Gas production in the coal industry 

— Exterminators 

— Laboratory employees 

— Aluminum industry 

— Textile industry, including textile dyeing 
— Printing industry 

— Kimono painters, hairdressers 


In the case of 2-naphthylamine, for example, a 
seven times higher incidence of bladder cancer 
has been demonstrated in exposed workers com- 
pared with nonexposed workers (Schulte et al. 
1986). Of interest are azo dyes, which release ben- 
zidine when degraded by bacterial action. This is 
one reason for the high incidence of bladder tu- 
mors among Japanese kimono painters, who ingest 
the azo dyes when they lick their brushes. 


The metabolic pathway by which aromatic amines are trans- 


formed into urothelial carcinogens is largely known and has 
been described by Lower (1982). After hydroxylation of the 
aromatic amines in the N position within the liver (Radom- 
ski and Brill 1970; Cramer et al. 1960), the N-hydroxy meta- 
bolites are glucoronated and excreted in the urine. The rate 
of inactivation of aromatic amines by this enzyme system va- 
ries among different species, but fast and slow inactivation 
types are also observed within the same individual. This 
could account for the different sensitivities of different per- 
sons to carcinogen exposure (Cartwright et al. 1982), al- 
though a clear correlation between a slow acetylation system 
and the development of bladder tumors has not yet been 
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demonstrated in man. The conjugated N-hydroxy metaboli- 
tes must be deconjugated in the urine before they can inter- 
act with the urothelial cell. Urinary enzymes such as ß- glu- 
coronidase that originate from the kidney or from the 
urothelium itself can effect this decoupling and thereby re- 
lease the active carcinogen. Attempts to block B-glucoro- 
nidase in experiments on bladder tumor induction (Boyland 
et al. 1960) and in the treatment of bladder tumor patients 
(Boyland et al. 1964) have been unsuccessful in terms of pre- 
venting recurrence. N-hydroxylamines lose water in acidic 
urine, leading to the formation of electrophilic aryl nitrite 
ions that can react with the cellular nucleic acid (Kadlubar 
et al. 1978). This produces the DNA alteration that is the ba- 
sic prerequisite for carcinoma induction. 


5.3.2 Cigarette Smoking 


Many retrospective and prospective studies have 
demonstrated an increased risk of bladder cancer 
in cigarette smokers. The relative risk compared 
with nonsmokers is from 2:1 to 6:1 (Cole 1971; 
Kunze et al. 1986). It has been estimated that nico- 
tine has some degree of etiologic significance in 
30%-40% of bladder tumor patients (Cole 1973; 
Wynder and Goldsmith 1977). Armstrong and 
Doll (1974) attributed the rise in bladder cancer 
mortality among males since 1870 to an increase in 
cigarette consumption. Augustine etal. (1988) 
documented the influence of the duration and 
quantity of cigarette smoking, finding that the risk 
in a 40-year smoker is twice that in a 20-year smo- 
ker. Apparently the quality of the tobacco also af- 
fects risk, since the use of dark grades of tobacco is 
associated with an approximately three times hig- 
her risk of bladder cancer. This is attributed to the 
higher concentration of aromatic amines in dark 
tobacco, resulting in higher blood levels of 4-ami- 
nobiphenyl. So far an increased risk has not 
been established in pipe and cigar smokers. 

The analysis of cigarette smoke has identified 2- 
naphthylamine as the principal offending agent 
(Hoffman et al. 1969; Hecht et al. 1976; Patriana- 
kos and Hoffman 1979). Little has been learned 
about the effect of continued cigarette smoking in 
known bladder tumor patients, although it is rea- 
sonable to expect that the cessation of nicotine 
abuse in patients with superficial tumors would fa- 
vorably influence the course of the disease. 
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5.3.3 Urinary Tract Infections 


5.3.3.1 Nonspecific Chronic Urinary Tract 
Infection, Bladder Stone 


An increased incidence of bladder cancer has been 
found in patients with chronic urinary tract infec- 
tions, especially when accompanied by bladder 
stones or the prolonged use of an indwelling cathe- 
ter (Wynder and Goldsmith 1977). Most of the tu- 
mors are squamous cell carcinomas. In paraplegic 
patients with permanent urinary catheter diver- 
sion, Olson and de Vere White (1979) detected dif- 
fuse squamous cell bladder cancers in five of 100 
patients, and Kaufman etal. (1977) in six of 
62 patients. Five of the six patients had used an 
indwelling catheter for more than 10 years. 


The apparent carcinogenic agents in these cases are nitrosa- 
mines formed by bacteria (Escherichia coli and certain Pro- 
teus species) from amines and nitrates. This process was 
demonstrated in vitro (Hawksworth and Hill 1971) and later 
in animals (Hawksworth and Hill 1974) and in humans (Ra- 
domski et al. 1978; Hicks et al. 1977). Unfortunately, nitro- 
samines are difficult to analyze in the urine at the present 
time, so there is no practical method of screening the urine 
for these substances. 

The cocarcinogenic or “promoter” role of intravesical sto- 
nes has been well documented (Clayson 1974; Harzmann 
et al. 1980). An indwelling catheter can likewise cause a 
chronic mucosal irritation that promotes the bacterial pro- 
duction of carcinogens. A prime risk group, then, would be 
patients with neurogenic bladder dysfunction who develop 
recurrent infections, bladder stones, and persistent catheter- 
induced mucosal irritation over a period of decades (Bejany 
et al. 1987). A similar pathogenic mechanism could account 
for the increased risk in patients with bladder exstrophy 
(Abeshouse 1943; Engel and Wilkinson 1970). 


5.3.3.2 Schistosomiasis 


Schistosomiasis is endemic to large portions of Af- 
rica and Arab countries. The acute stage of Schis- 
tosoma haematobium infection is marked by the 
formation of granulomatous polyps in the blad- 
der which mimic the features of a tumor. These 
changes are reversible with effective treatment of 
the schistosomiasis. If the infection becomes chro- 
nic, processes of epithelial hyperplasia, dysplasia, 
and squamous cell metaplasia frequently give rise 
to squamous cell cancer (Morrison and Cole 1982; 
Hicks et al. 1977). This is believed to relate causal- 
ly to an infection-induced production of nitrosami- 
nes. Examination of the urine sediment for schisto- 
some eggs and the detection of tumor cells by 
urinary cytology can serve as screening methods in 
chronically infected patients. 
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5.3.3.3 Endemic Nephropathy 


A relatively high incidence of urothelial cancers 
has been noted in certain regions of Yugoslavia, 
Rumania, Bulgaria, and Greece in connection with 
“Balkan nephropathy” (Petkovic etal. 1971). 
Ninety percent of the tumors arise in the upper 
urinary tract, and 10% are bilateral. The etiology 
appears to relate to asaprophytic fungus present in 
stored grain, which elaborates nephrotoxins and 
carcinogenic mucotoxins (Sattler et al. 1977). 


5.3.4 Artificial Sweeteners 


The artificial sweeteners saccharin and cyclamate 
have been increasingly used in food items for some 
years. In multistage experiments, rats were first 
given subcarcinogenic oral doses of bladder carci- 
nogens followed by oral saccharin or cyclamate. 
These animals developed bladder tumors more 
frequently than control animals that were not fed 
the sweeteners. It was concluded that sweeteners 
act as cocarcinogens, though there was no evidence 
that they could initiate carcinogenesis by themsel- 
ves (Hicks et al. 1978; Cohen et al. 1979). 

A rise in bladder cancer has not been noted clini- 
cally since the introduction of saccharin (Arm- 
strong and Doll 1974). It would be premature to 
draw a definitive conclusion, however, because 
saccharin has been widely used only since the 
1960s. Diabetics, who consume more saccharin on 
average than the normal population, tend to show 
a lower rather than higher incidence of bladder 
neoplasia (Armstrong and Doll 1974). Eight of 
nine case control studies (LARC 1980) did not doc- 
ument a heightened risk in artificial sweetener 
users, and only Howe et al. (1977) reported on a 
dose-dependent risk increase of 1.6. If there is a 
link between artificial sweeteners and the induc- 
tion of bladder cancer, it is apparently quite small. 
It would be more appropriate to focus on the ef- 
fects of excessive caloric intake and overweight on 
cancer risk. 


5.3.5 Coffee Consumption 


Since Cole (1971) suggested that coffee was a carci- 
nogen, other authors (Weinberg et al. 1983; Mor- 
gan and Jain 1974; Morrison et al. 1982) have stated 
that the carcinogenic effect of coffee is controversi- 
al, although a marked risk increase has been docu- 
mented in coffee drinkers who also smoke. 
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5.3.6 Drugs, Radiation Therapy 


Three drugs have definitely been linked to the pa- 
thogenesis of bladder cancer in humans: 


— Chlornaphazine, used to treat polycythemia and 
chemically related to B-naphthylamine. It wasin 
use until 1963. 

— Phenacetin has been associated with the deve- 
lopment of interstitial nephritis (phenacetin 


nephropathy) and an increased incidence of ur- 


othelial carcinoma mainly affecting the upper 
urinary tract. Five to 10% of patients with 
phenacetin nephropathy develop a urothelial 
cancer (Gonwa et al. 1980). The active carcino- 
genic agent is a nitrogen hydroxyl metabolite of 
phenacetin, which possesses the chemical struc- 
ture of an aromatic amine (Rathert et al. 1975). 

— Cyclophosphamide induces a symptomatic or 
asymptomatic chemical cystitis that is associa- 
ted with an increased risk of bladder cancer 
(Pearson and Soloway 1978; Fairchild et al. 
1979). Since the introduction of cystitis prophy- 
laxis by Mesna, the risk of bladder cancer may 
have become negligible. Even so, it is prudent to 
schedule regular urinary cytologic examinations 
in patients who have received prolonged treat- 
ment with cyclophosphamide. 

— Duncan et al. (1977) noted an increased inciden- 
ce of bladder tumors in patients who received 
pelvic radiation for gynecologic tumors. The 
risk is small, however, and should not be used as 
an argument against appropriate radiotherapy 
during the planning of treatment. 


5.3.7 Bracken Fern 


Bracken fern (Pteridium aquilinum) contains a 
still-unidentified carcinogen that induces bladder 
tumors when fed to cows (Pamukcu et al. 1976). 
Bracken fern is rarely consumed by humans except 
in Japan, where a link has been established be- 


tween bracken fern consumption and esophageal » 


cancer (Hirayama 1979). 


5.3.8 Endogenous Factors 


Genetic dispositions have not yet been identified 
in the etiology of bladder cancer. However, much 
research has been done to detect biochemical and 
metabolic processes that might relate to the devel- 
opment of bladder tumors. 
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The effect of acetylation by N-acetyltransferase and the me- 
tabolism of the amino acid tryptophane have already been 
discussed. Experiments in heterotypic rat bladder trans- 
plants have additionally demonstrated a bladder tumor 
growth-promoting effect of normal rat urine. Most bladder 
tumors are highly differentiated lesions with a high rate of 
recurrence. Yura et al. (1989) attribute this propensity for 
recurrence to a growth factor present in the urine that stimu- 
lates dormant neoplastic cells. Factors isolated from fresh 
urine by column chromatography were tested for their in- 
duction of ornithine decarboxylase, and two of these factors 
administered to rat bladders caused a significantly higher in- 
cidence of N-methyl-N-nitrose urea-induced bladder tu- 
mors than in a control group treated with saline solution. 
Analysis of the two chromatographic fractions identified 
epidermal growth factor and transferrin, which promote the 
activation of ornithine decarboxylase and thus increase the 
rate of mitosis. 


Ekman and Strombeck (1947) were the first to at- 
tribute bladder carcinogenicity to metabolites of 
the amino acid tryptophan. Dunning et al. (1950) 
and Cohen et al. (1979) demonstrated the pro- 
moting effect of tryptophan in the pathogenesis of 
bladder cancer in laboratory animals. In humans, 
tryptophan is almost completely metabolized to 
carbon dioxide and water. Only 2% is excreted as 
metabolites in the urine. These tryptophan meta- 
bolites may be reabsorbed through the bladder 
mucosa. Pyridoxine (vitamin Bs) is an essential 
component of the tryptophan metabolism. In pa- 
tients with vitamin Bg deficiency, the urinary excre- 
tion of tryptophan metabolites is increased to 27% 
(Yess et al. 1964). 


Byar and Blackard (1977) investigated the clinical efficiency 
of vitamin Bs therapy on bladder cancer but were unable to 
demonstrate a beneficial effect. An increase in the excretion 
of tryptophan metabolites has been detected in patients with 
prostatic cancer, chronic urinary tract infections, rheuma- 
toid arthritis, lupus erythematosus, scleroderma, porphyria, 
and in pregnancy. Some studies indicate an elevation of 
urinary tryptophan metabolites in bladder cancer as well 
(Boyland and Williams 1956; Brown et al. 1969; Price et al. 
1965), although a case control study by Friedlander and 
Morrison (1981) was unable to confirm this. On the whole, 
then, the causal significance of tryptophan metabolites in 
bladder carcinogenesis remains unclear, and for the present 
they have no clinical implications. 


5.3.9 Experimental Induction of Bladder Cancer 


Many chemicals have demonstrated the ability 
to induce bladder tumors in laboratory animals 
(Clayson and Cooper 1970), but only a few have 
proven useful in terms of developing animal 
models for the study of urothelial carcinogenesis, 
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among them (N-[4-(5-nitro-2-furyl)-2- iazolyl]for- 
mamide (FANFT), butyl-(4-hydroxybutyl)-nitro- 
samine (BBN), and N-methyl-N-nitrose urea 
(MNU). 

Experimental carcinogenesis corresponds large- 
ly to clinical observations and vividly illustrates the 
morphologic changes that are important in cyto- 
logic evaluations. The urothelium is a highly spe- 
cialized mucosa functioning as a barrier between 
the urine and interstitium and as the lining for a 
hollow organ that undergoes substantial fluctua- 
tions in its volume and wall tension. 

Normal cell turnover in the urothelium is slow, 
occurring on the order of 200 days. After injury, 
however, the urothelium can proliferate very 
rapidly. Samma et al. (1987) showed that rat blad- 
ders denuded of urothelium by detergents under- 
went complete reepithelialization within a few 
days. 


Exposure to a carcinogen also incites proliferation, which 
can result morphologically in urothelial hyperplasia. This 
process is reversible if the carcinogen is withdrawn at an ear- 
ly stage, but even a single contact with a potent carcinogen 
can-cause cancer to develop following an adequate latent pe- 
riod. Further exposure stimulates subepithelial capillary in- 
vasion and the formation of papillary structures. The process 
apparently is still reversible at this stage. Later the upper- 
most cell layer loses its regular surface structure, cellular in- 
teractions are impaired, and cytologic changes become ap- 
parent. At this stage the proliferation continues to progress 
even if the carcinogen is withdrawn. 


Another clinically important observation is that 
bladder carcinogens are not urothelium-specific, 
but can induce adenocarcinoma even in bowel 
segments into which urinary discharge has been 
diverted. This underscores the need for a careful 
endoscopic and cytologic examination in patients 
who have undergone cystectomy with bladder re- 
construction or urinary diversion into the open bo- 
wel. 


5.3.10 Oncogenes 


Many of the viruses that cause cancer in animals 
possess genes (oncogenes) that induce morpho- 
logic genome transformations in mouse cell cultu- 
res. When these mouse cells are reinstilled into the 
bladder, they form a nidus for cancer formation. It 
has been possible to isolate these viral oncogenes 
and clone them with the help of bacteria. Homolo- 
gous genes have been found in the genome of 
healthy vertebrates (Duesberg 1983), raising ques- 
tions as to the physiologic function of these genes, 
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their role in human carcinogenesis, and their possi- 
ble identity with oncogenes. 

In approximately 10% of human tumors, genes 
are found that, when isolated and added to mouse 
cell cultures, induce a malignant transformation. 
Their DNA code agrees with that of viral oncoge- 
nes. Human oncogenes appear to play an impor- 
tant role in carcinogenesis when they are no longer 
subject to physiologic controls. 


One of these oncogenes was isolated by cloning from a hu- 
man bladder tumor cell line (T24) and its DNA sequence de- 
coded. Analysis showed a point mutation in the amino acid 
chain in which guanidine was replaced by thymidine (Reddy 
et al. 1982; Tabin et al. 1982). It is of little concern to the uro- 
logist that it was a bladder tumor cell line in which this disco- 
very was made. Its importance lies in the introduction of car- 
cinogenesis research at the molecular biological level. The 
cell transformation can be accomplished in vitro only with 
pathologically altered cells like the NIH 3T3 line, which 
probably have already undergone the initial stages of carci- 
nogenesis. Further experiments prove that the transforma- 
tion can proceed in two steps: a first step in which a kind of 
“immortality” is established in a normal cell culture, en- 
abling the second oncogene to introduce the malignant 
transformation. 


Molecular biology is a rapidly expanding science, 
and there is reason to hope that we will better un- 
derstand the mechanism of carcinogenesis. In this 
regard there is growing interest in natural or syn- 
thetic substances that can reduce tumor incidence 
through molecular mechanisms of action. Poten- 
tial tumor-preventive substances presently include 
vitamin A and its precursors, B-carotene, Vitamins 
C and E, selenium, as well as phenol antioxidants, 
proteinase inhibitors, and prostaglandin synthesis 
inhibitors. 

Tumor prevention encompasses not just protec- 
tion from carcinogen exposure but also the sup- 
pression of promotor activities in cells that are 
undergoing neoplastic change. An effective che- 
mopreventive substance must be delivered to its 
site of action at the time of initiation. The primary 
goal of current research is the elimination of the 
promoting effect that sustains tumor development 
over a period of several years. Clinical trials will re- 
veal the impact that the foregoing substances will 
have on the incidence of bladder cancer (Malone 
et al. 1987). 
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5.4 Classification 


A new version of the TNM classification has been in 
effect since January 1, 1987. The essential innova- 
tion of this classification is the absence of minimum 
requirements in terms of diagnostic workup, which 
requires that additional details be given on the di- 
agnostic measures that are performed. The basic 
TNM categories of primary tumor (T), lymph 
nodes (N), distant metastases (M), and grade of ma- 
lignancy of the primary tumor (G) are preserved. 

The definitions for the clinical TNM and histo- 
pathologic pTNM classifications are also retained. 
The clinical classification (TNM) is based on physi- 
cal examination, imaging procedures, endoscopy, 
biopsy, surgical exploration, and other relevant 
findings. 

The histopathologic classification (pTNM) is 
based on pretherapeutic findings, which are sup- 
plemented or modified by the findings at defini- 
tive operation. If the classification is in doubt, the 
lower category is selected. Microscopic examina- 
tion is required for pathologic confirmation of 
lymph node involvement or distant metastases. 

A special symbol for the invasion of lymphatic 
vessels (formerly L) is no longer used in the pre- 
sent system. 


y Symbol: Classification during or after multimodal therapy 

rSymbol: Recurrent tumor 

C factor: The C (certainty) factor expresses the reliability 
of the classification based on the diagnostic 
methods employed. 

C1: Results based on standard diagnostic methods, 
e.g., inspection, palpation, standard X-ray views, 
and endoscopy. 

C2: Results based on special diagnostic measures 
such as imaging procedures: special X-ray views, 
tomography, CT, sonography, lymphography, an- 
giography, nuclear medicine imaging, MR ima- 
ging, endoscopy, biopsy, and cytology. 


C3: Results based on surgical exploration in- 
cluding biopsy and cytologic examination. 
C4: Results on the extent of disease based on definiti- 


ve surgery and pathologic examination of the re- 
sected specimen. 
CS: Results based on autopsy. 


The clinical TNM classification corresponds to the 
certainty factors C1, C2, and C3, and the patho- 
logic pT'NM classification to C4. 

Diagnostic measures include the history, clinical 
examination, excretory urography, cystoscopy, ex- 
foliative urinary cytology, segmental biopsy, exci- 
sional biopsy, and bimanual palpation. These mea- 
sures permit the differentiation of superficial 
carcinoma from carcinoma that has infiltrated the 
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muscle. The same procedures can further differen- 
tiate superficial tumors as carcinoma in situ (Tis), 
noninfiltrating tumors (Ta), and tumors that have 
infiltrated the lamina propria (T1). Superficial tu- 
mors with a high grade of malignancy and tumors 
infiltrating the muscle are subdivided into metas- 
tasizing and nonmetastasizing carcinomas by 
checking for metastases in the liver, lung, and 
bone. If distant metastases have been excluded, a 
pelvic CT scan is indicated to exclude extensive 
lymph node metastases (N3). If the pelvic CT scan 
is negative, a staging operation is necessary to eva- 
luate for lymph node metastasis (N1-N2). This 
staged diagnostic approach effectively discrimina- 
tes among invasive nonmetastasizing tumors, lo- 
cally advanced tumors, and tumors with lymph- 
node or distant metastases (Fig. 5.1). 

When multiple tumors are present, the tumor is 
assigned to the highest T category, and “m” is ad- 
ded to denote multiplicity. 

Primary bladder tumors are subdivided into 
epithelial and rare mesenchymal forms. Ninety- 
five percent of epithelial tumors are pure urotheli- 
al tumors with foci of glandular or squamous cell 
metaplasia. Pure squamous cell carcinomas or 
adenocarcinomas are rare. 

Prognostic conclusions can be drawn from the 
depth of tumor infiltration and the histopathologic 
assessment of the degree of tumor differentiation 
(Bryan and Cohan 1983; Wolf et al. 1986; WHO 
1973; UICC 1978). 

The prognosis is also affected by atypias in muco- 
sal areas adjacent to or distant from the tumor. The 
prognostic significance of these dysplasias also cor- 
relates with their cellular differentiation. Dys- 
plasias are designated as: 


DO: no dysplasias 

D1: mild dysplasias 

D2: moderate dysplasias 
D3: severe dysplasias 
Tis: carcinoma in situ 
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Classification: Tis Ta T1 T2 T3a  T3b T4 T4 


Histology: 7 >` S Yy YY, , ` 

Urothelium Z2 GLA YY; 
i LAaAZH7E 7} KA 
Muscularis Ze Y IR WR 
Adventitia 0°-0”"70*0*0°0*70° 0 o A iae Abdomino- 


uterus, pelvic wall 
vagina 


oO 
oO 


History, clinical examination, 
excretory urography,cystoscopy, cytology, 
segmental biopsy, excisional biopsy, bimanual palpation 


Tis-Ta-T1 Recurrent Muscle infiltration (2T2) 


multifocal 


/ \ 
‚MN LO Sonography, chest X-ray, bone scan 
4 x 
Ta, G1-3 Ta, G1-3 
T1, G1-2 T1, G1-2 
N \ 


(D1-D2 dysplasias) D3 dysplasias, Tis, / | 
frequently recurrent Primary Pelvic CT 


unifocal N 


NO-1 N2-3 a Locally inoperable, 
T4b extensive LN metastases 
distant metastases 


Cytology 


6 weeks Staging operation 


, u pNO-1 pN2-3pT4b 
Negative Positive Superficial, 
aggressive | 
u Invasive, nonmetastasizing 
Superficial, 
nonaggressive 


Fig.5.1. Flowchart for a minimal diagnostic program. De- invasion of the lamina propria; 72, invasion of the super- 
scription of the primary tumor: T category. T0, No evidence ficial muscle; 73a, invasion of the deep muscle; 735, inva- 
of a primary tumor; Tis, nonexophytic and noninfiltrating sion of the perivesical fat; 74, invasion of adjacent organs; 


(carcinoma in situ); Ta, exophytic and noninfiltrating; TZ, TX, extent of infiltration cannot be assessed 
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Extent of lymph node metastasis (N category) 

NX: regional lymph nodes cannot be evaluated 

NO: no regional lymph node metastases 

N1: solitary lymph node metastasis <2cm in grea- 
test diameter 

N2: solitary or multiple lymph node metastasis 2- 
5 cm in greatest diameter 

N3: lymph node metastasis >5cm in greatest dia- 
meter 

Extent of distant metastasis (M category) 

MX: distant metastasis cannot be evaluated 

MO: no distant metastases 

M1: distant metastases 

Determination of residual tumor 

RX: residual tumor cannot be evaluated 

RO: noresidual tumor 

R1: histologically detectable residual tumor 

R2: grossly visible residual tumor 


Grade of malignancy 

G1: well differentiated 

G2: moderately differentiated 
G3: poorly differentiated 

G4: undifferentiated 


5.5 Summary 


The rising incidence of urothelial tumors is an epi- 
demiologic phenomenon whose etiology is based 
on a variety of established and probable causes. 
Although awareness of these causes can lead to 
preventive measures, the goal of providing effec- 
tive treatment for urothelial cancer can be achiev- 
ed only by early tumor detection in the setting of 
the primary diagnostic workup and follow-up. An 
essential part of the available diagnostic armamen- 
tarium is exfoliative urinary cytology. 
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6.1 Introduction 


Histopathology has long recognized “flat” lesions 
of the urothelium, a certain percentage of which 
are missed by gross examination. These lesions 
may occur in isolation or as an accompaniment to 
overt inflammatory or neoplastic disease. In this 
‚article we shall discuss only those lesions that bear 
a distinct relationship to urothelial cancer. These 
flat “preneoplastic” or early neoplastic changes 
are of major clinical and biologic significance, and 
they hold the key to understanding the behavior of 
urothelial carcinomas and their cytologic classifi- 
cation. 

Unfortunately, inconsistencies in the nomencla- 
ture of the changes make it difficult to apply many 
of the discoveries that have been made in basic re- 
search. The different terms often carry meanings 
that are understood differently by different auth- 
ors and tend to develop a certain life of their 
own. So we shall begin our discussion by reviewing 
the nomenclature of these lesions in an effort to 


standardize usage. We shall then describe associat- — 


ed histopathologic criteria with special reference to 
urine cytology. The significance of lesions in terms 
of pathogenesis and clinical manifestations derives 
not from their nomenclature but from their inci- 
dence and clinical course. 


6.2 Problems of Nomenclature 


Highly differentiated bladder carcinomas (whose 
basic neoplastic nature is established in some cases 
by invasive growth) tend to show little cellular and 
nuclear atypia. The morphologic spectrum in- 
cludes the benign “papillomas,” which in fact are 
covered by normal-appearing urothelium on light 
microscopic examination. Only the number of cell 
layers separates these two diagnoses from each 
other, and quantitative procedures have been un- 
able to provide additional reliable criteria that 
would assist differentiation. All evidence suggests 
that these tumors, like other neoplasms derived 
from the superficial epithelium, develop from flat 
precursors. Like the tumors themselves, the pre- 
cursors and intraepithelial manifestations encom- 
pass all grades of cellular anaplasia ranging from 
normal or nearly normal to the complete picture of 
carcinoma in situ (Fig.6.1). While the nomencla- 
ture of the latter changes presents problems only 
with regard to the usefulness of grading (grade 2 or 
3, analogous to overt tumors), there is still great 
uncertainty with respect to early changes. This 
problem has been addressed by a number of 
authors, among them Murphy and Soloway (1982). 

Atypia, dysplasia, and atypical hyperplasia are 
the principal terms applied to early urothelial 
changes. There has been no strict diagnostic or 
consistent usage of these terms, nor have they been 
sharply differentiated from carcinoma in situ. A 
concept that has proven useful in practical diagno- 
sis is described in Sect. 6.3. A major argument in fa- 
vor of this concept is that it is compatible with prac- 
tical techniques of exfoliative cytology. ° 

An additional point of nomenclature should be 
noted: These "flat lesions” may be described as pri- 
mary, and thus occurring prior to the manifestation 
of a visible tumor (although with low-grade lesions 
there may be no proof of obligate carcinogenesis), 
or as being concomitant with the tumor. 
Concomitant flat lesions consist of intraepithelial 
extensions in direct continuity with the tumor as 
well as isolated lesions (representing multifocal 
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a Cytology negative 


Fig. 6.1. Schematic comparison of nuclear atypias associated 
with an overt urothelial tumor and “flat” lesions 


carcinomatous urothelial transformation). These 
manifestations are cytohistologically indistin- 
guishable, even with benefit of multiple mucosal 
biopsies. Precise discrimination can be accom- 
plished only by the systematic histologic analysis of 
cystectomy specimens (Koss et al. 1977). 


6.3 Classification and Diagnosis 


Some of the confusion relating to the nomencla- 
ture of “flat lesions” of the urothelium stems from 
an ambiguity of cytologic (mainly nuclear) and his- 
toarchitectural criteria and from the individual 
clinical-biological interpretation of the examiner 
(and the clinical physician who subsequently uti- 
lizes the findings). It is helpful to define the mor- 
phologic parameters as unambiguously as possible 
(by referral to the epithelial findings associated 
with overt tumors) before attempting a clinical-bi- 
ological evaluation. The general cytologic criteria 
(nuclear-cytoplasmic ratio, nuclear size, nuclear 
shape, chromatin structure, nucleoli) are exten- 
sively documented in this textbook and do not re- 
quire further elaboration (see Chaps. 9,14). The 
additional information provided by histology, the 
second diagnostic mainstay, is based upon the rela- 
tionship of the cells to one another, or the epithelial 
architecture. 

The proliferation kinetics of the normal urothe- 
lium shows a well-ordered progression with a pro- 
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e : Nonatypical cells 


o : Atypical cells (grade 2) 


b Cytology positive 


liferative compartment in the basal cell layers and 
increasing maturation toward the superficial cell 
layers. A “snapshot” of this dynamic process is 
provided in the histologic section. The slightest dis- 
turbance of this equilibrium is manifested by an in- 
crease of proliferation with maintenance of differ- 
entiation, resulting in an increase in the number of 
cell layers, predominantly at the basal and inter- 
mediate levels. This change, which is not accompa- 
nied by nuclear atypias or morphologic cell 
changes, is termed hyperplasia. 

In the case of the “flat lesions” discussed below, 
the histoarchitectural lamination of the urotheli- 
um (basal cells, intermediate cells, superficial 
cells) is still intact, but cytologic criteria are addi- 
tionally noted. Generally the number of cell layers 
is increased, so hyperplasia is present. This is ac- 
companied by nuclear atypias, which accounts for 
the term “atypical hyperplasia.” Following the 
convention used in the pathology of cervical 
carcinoma, this term is usually considered to be 
synonymous with dysplasia. But while that term 
became well established in cervical cytology and 
histopathology, it has since been discarded in favor 
of cervical intraepithelial neoplasia (CIN), despite 
the fact that a significant percentage of CIN 1 le- 
sions do not progress to carcinoma. A basic prob- 
lem with the term “dysplasia” relates to the fact 
that it is also applied to malformations, so there is 
ample justification for objections to the term 
(Mostofi et al. 1988). 

In any case, whether we prefer the term “atypical 
hyperplasia” or keep with the now-discarded term 
from cervical pathology, it is apparent that as the 
cytologic grade of malignancy increases, we en- 
counter features like those observed in the epitheli- 
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um of differentiated urothelial carcinomas. It 
should be emphasized, however, that this does not 
prove that these changes are an obligate precursor 
of carcinoma. This would be the essential condition 
for justifying the term grade 1 carcinoma in situ. 

Thus, we feel that use of the term “carcinoma” is 
appropriate only if the criterion of irreversible 
growth disturbance by destruction of the epithelial 
structure is satisfied. In our experience, this can oc- 
cur even in the absence of extreme nuclear pleo- 
morphism, i.e., there are flat lesions with a very cel- 
lular epithelium, nuclear crowding, and complete 
loss of the normal layered cellular arrangement. 
The nuclei are relatively uniform, like those in the 
basal cell layer, but they do not show significant 
pleomorphism. Quantitative studies indicate, 
however, that the nuclei are nondiploid with a defi- 
nite, uniform lineage. There are sound reasons for 
differentiating these two forms as grade 2 carcino- 
ma in situ, exhibiting slight pleomorphism but 
complete loss of cellular stratification, and grade 3 
carcinoma in situ, distinguished by pronounced nu- 
clear pleomorphism. Maturation to superficial 
cells does not occur. Additionally, of course, there 
is classic carcinoma in situ with conspicuous nucle- 
ar irregularities including marked nuclear enlarge- 
ment and chromatin clumping. One way out of the 
dilemma posed by diagnostic subjectivity and 
overemphasis on semantics (in histopathology as 
well as cytology) is by applying quantitative meth- 
ods of analysis, not just for overt tumors 
(Hofstadter et al. 1984) but also for localized flat 
lesions (Farsund etal. 1983; Hofstadter et al. 
1986). These studies have shown that moderate to 
severe dysplasias are often characterized by a high 
proportion of tetraploid nuclei. Differentiated car- 
cinomas also display this phenomenon, underscor- 
ing the close cellular relationship of moderately 
severe or severe dysplasia to differentiated 
carcinoma and substantiating the associative im- 
pression of histomorphology. 

An interesting subgroup, “denuding carcino- 
ma,” illustrates the tendency toward decreased in- 


tercellular cohesiveness, confirmed by electron | 


microscopy, that exists in all forms of carcinoma in 
situ (see Chap.4). In pronounced forms the base- 
ment membrane becomes “denuded” of cells ex- 
cept for an occasional urothelial cell, usually very 
atypical, that remains adherent to the membrane. 
Combining the histologic and cytologic techniques 
is helpful for avoiding a false-negative diagnosis, 
which can have dire consequences when one con- 
siders the highly malignant nature of the cellular 
changes. 
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6.4 Incidence 


Much has been published on the incidence of “flat” 
epithelial lesions that are diagnosed concurrently 
with a grossly visible urothelial tumor, although 
there is much diversity in the histologic criteria that 
have been applied. Melicow first reported the find- 
ing of concomitant flat lesions in 1952. In ten cystec- 
tomy specimens he noted hyperplasia in all ten, cys- 
titis cystica in four, carcinoma in situ in two, and 
squamous cell metaplasia in one. Eisenberg et al. 
(1960) investigated “proliferative urothelial le- 
sions” (including Brunn’s nests and papillary hy- 
perplasia) in 161 papillary and solid urothelial car- 
cinomas. They found in situ carcinoma in nine of 53 
papillary carcinoma cases suitable for evaluation 
(presence of adequate non-tumor-associated mu- 
cosa). By contrast, they detected carcinoma in situ 
or atypical hyperplasia in 11 of 31 cases with pre- 
dominantly infiltrative carcinoma. Schade and 
Swinney (1968) found severe proliferative lesions 
(atypical epithelium [42], carcinoma in situ [30], 
cystitis glandularis with atypical urothelium or car- 
cinoma in situ [14]) in 86 of 100 patients with blad- 
der carcinoma (existing tumors or tumors identi- 
fied during posttreatment follow-up). A definite 
relationship to the visible tumor can be established 
only through mapping studies of resected bladders, 
however (Koss et al. 1977; Soto and Friedell 1977). 

A strong relationship exists between the grade 
of malignancy of the coexisting overt tumor and 
the grade of the carcinoma in situ (grades 2, 3, 4 af- 
ter Bergkvist et al. 1965) (Jakse et al. 1980). 

The high accuracy of exfoliative cytology in the 
diagnosis of carcinoma in situ has been consistent- 
ly demonstrated in all studies (Table 6.1). 

It is interesting to observe the frequency of “flat 
lesions” over the course of the bladder tumor dis- 
ease, 1.e., to compare segmental biopsies taken 
from the original tumor and from various recur- 
rences. This line of inquiry has led to evaluations of 
the clinical-biological significance of the corre- 
sponding lesions. It has been found, for example, 
that a marked increase in the frequency of dyspla- 
sia and carcinoma in situ is already apparent at the 
time of the initial recurrence (Jakse et al. 1986). 
Similar findings were reported by Soloway et al. 
(1978). Initial biopsies from normal-appearing 
mucosa in 42 patients with bladder cancer revealed 
atypia or carcinoma in situ in 33% of the patients. 
After 1 year (with biopsies done at 3-month inter- 
vals), this number rose to 77%. These findings indi- 
cate that there is a definite sequence in the malig- 
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Table 6. 1. Urinary cytology in 142 patients with primary car- 
cinoma in situ (after Jakse et al. 1980) 


Study Patients Positive Negative 
(n) 
Melamed et al. 18 18 = 
Weisbrod 2 2 — 
Yates-Bell 2 2 — 
Barlebo et al. 6 6 — 
Riddle et al. 25 19 6 
Farrow et al. 69 69 — 
Jakse etal. 20 19 1 
Total 142 135 7 
(95,2%) 


nant potential not just of grossly visible tumors but 
also of “flat” preneoplastic and early neoplastic 
urothelial changes. 

Less is known about the frequency of flat lesions 
without a preexisting or concomitant visible tumor. 
Farrow et al. (1977), in their cytologic analysis of 
35 000 patients (who sought urologic consultation 
for dysuria or microhematuria), found 69 cases of 
in situ carcinoma in the absence of grossly visible 
bladder tumor. This study is not a true screening 
study, however, because the patients were all 
symptomatic and the population was poorly de- 
fined. It is interesting to note the studies of Koss 
et al. (1969), who found 13 cases of carcinoma in 
situ among 503 workers exposed occupationally to 
the carcinogen paraaminodiphenyl. 


6.5 Clinical-Biological Significance 


It was noted previously that the frequency of “flat” 
lesions relates to the grade of malignancy or the 
morphology (papillary or invasive) of the coexist- 
ing tumor. The presence of atypias (dysplasia) and 
of carcinoma in situ also has significant biological 
and clinical implications. 


The prognostic influence of carcinoma in situon - 


the further course of the neoplastic illness is be- 
yond question. Several specific aspects of this in- 
fluence have been identified. Barlebo et al. (1972), 
for example, showed that the grade of malignancy 
has prognostic relevance. Soto and Friedell (1977) 
consistently detected carcinoma in situ in the pres- 
ence of multifocal bladder tumors but never de- 
tected it in patients with unifocal growths. Prout 
et al. (1983) discovered another aspect of the prog- 
nostic significance of carcinoma in situ. Thirty- 
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eight patients found to have carcinoma in situ at 
the time of their initial tumor event (n=38) showed 
a significantly poorer prognosis than 32 patients 
who developed carcinoma in situ some time after 
their initial diagnosis (Table 6.2). 

In any case, these and similar studies indicate 
that carcinoma in situ (with a definitely malignant 
cell pattern) is a heterogeneous disease that is de- 
termined by multiple pathogenetic factors, includ- 
ing the intraepithelial anatomic pattern of spread 
(Jakse et al. 1987). 

The biological significance of dysplasia has been 
investigated by Wolf and Hojgaard (1983), who 
likewise demonstrated a relationship between the 
grade of tumor malignancy (2-4 in the classifica- 
tion of Bergkvist et al. 1965) and the frequency and 
severity of “flat lesions” (Table 6.3). 

Of 53 patients, 11 developed recurrences at the 
site of the original tumor. Scrutiny of the remaining 
42 patients revealed that seven of 27 patients 
(26%) developed a new urothelial carcinoma 
when there was no evidence of dysplasia (typically 
within 1 year), while 13 of 15 (87% ) patients devel- 
oped a new tumor when dysplasia was present. 
These data vividly underscore the predictive im- 
portance of dysplastic “flat lesions” detected by 
segmental biopsy. The authors conclude that this 
provides a means for assessing the biological 
potential of neoplastic bladder disease, quite 
apart from the new methodologies in immuno- 
histochemistry and quantitative pathology (see 
Chap. 10). 

What special significance do urothelial atypias 
separate from visible tumor have in exfoliative cy- 
tology? Many studies have confirmed that exfolia- 
tive cytology is relatively insensitive for detecting 
highly differentiated carcinomas due to their 
paucity of nuclear abnormalities, but is highly suc- 


Table 6. 2. Outcomes in patients with carcinoma in situ 


Number Debeloped Didnot 


muscle progress 
invasionor orundergo 
metastasis cystectomy 
CIS at initial 
diagnosis 
CIS alone 14 5 4 
CIS concomitant 
withoverttumor 24 8 Ä 7 
Developed CIS 
subsequently 
CIS alone 15 1 8 
CIS concomitant | 
with tumor 17 1 11 
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Table 6. 3. Relationship between the grade of malignancy of 
the overt tumor and the “flat lesion” of the mucosa (after 


Wolf and Hojgaard 1983) 
Grade ofovert Dysplasia Carcinoma 
tumor? a ee SIE 
n None Grade2 % 
% % 
2. 18 65 33 0 
3,4 35 46 14 40 


a Graded according to Bergkvist et al. (1965). 


cessful in the diagnosis of atypical flat lesions, in- 
cluding carcinoma in situ. On the other hand, cytol- 
ogy cannot establish whether the individual cells 
(with atypias) originate from an overt tumor or 
from a “flat” atypical lesion. 

It is reasonable to assume, however, that more 
severely atypical cells found in an exfoliative speci- 
men from a bladder with a coexisting highly differ- 
entiated urothelial carcinoma do not originate 
from the tumor itself but from accompanying foci 
of dysplasia or even carcinoma in situ (Fig. 6.2). 

Urothelial cytology thus plays a key role in the 
classification of the neoplastic disease. The cytolog- 
ic findings must be reconciled with the tumor itself 
and with the result of mucosal biopsies. 


I express thanks to Mrs. A. Weidner for her help in preparing 
the manuscript and to Mr. J. Marquardt for the artwork. 
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Fig.6.2. Schematic comparison of a low-grade tumor (/) 
without atypical foci in the urinary bladder mucosa with a 
low-grade tumor associated with flat atypical mucosal areas 
(2). The upper part of the drawing indicates what cells ap- 
pear in bladder washings or urine 
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7.1 General Remarks 
on Clinical Cytology 


The critical difference between a cytologic and 
histopathologic examination is that the cytologic 
evaluation disregards topographic and architec- 
tural tissue changes. While histology can addition- 
ally evaluate the “third dimension” of supracellu- 
lar architecture and the relationship of the cells to 
adjacent structures, cytology is based solely on the 


analysis of cell morphologies. This relative infor- . 


mation deficit of cytology compared with histology 
is balanced by the noninvasiveness of cytology, its 
simplicity, low cost, and the option of repeating the 
examination as often as desired. 


7.1.1 Structures Evaluated in Cytologic 
Examinations (Fig. 7.1) 


The cell membrane envelops the cytoplasm and 
possesses the important properties of permeability 
(see Chap. 4), selective signal transmission, and en- 
zymatic production. 

The cytoplasm consists of a homogeneous liquid 
matrix containing numerous intracellular or- 
ganelles (e.g., Golgi apparatus, endoplasmic reti- 
culum). 

The nucleus of the cell is separated from the cy- 
toplasm by a duplicated, porous nuclear mem- 
brane. The nucleoplasm is rich in nucleic acid 
(DNA), which joins with proteins and ribonucleic 
acids (RNA) to form the chromatin, which appears 
cytologically as a finely granular structure inside 
the nucleus. 

The nucleolus is a round to oval-shaped intranu- 
clear body that plays a critical regulatory function 
in cellular biology. The number and size of the nu- 
cleoli vary with the functional activity of the cell. 
For this reason intense protein biosynthesis (e.g., 
malignancy) is associated with multiplicity and en- 
largement of the nucleoli. 


7.2 Cytologic Features 
of Normal Urothelium 


The urothelium is a multilayered epithelium com- 
posed of superficial (luminal), intermediate, and 
lower (basal) cell layers (see Chap. 4). The size of 
the cells increases from base to surface - a circum- 
stance useful for distinguishing the urothelial cells 
in cytologic specimens from squamous epithelial 
cells and leukocytes (Fig. 7.2). 

Besides this size progression of individual 
urothelial cells, it is also significant that the size re- 
lationship of the nucleus to the cytoplasm varies 
with the layer from which the cell originates. This 
must be considered in the evaluation of malignan- 
cy, because the small basal cells normally have a 
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Fig.7.1. Schematic diagram of cellular morphology: cell 
membrane (/), cytoplasm (2), nucleus (3), nucleolus (4), 
chromatin (5), nuclear membrane (6). The cytoplasm con- 
tains various organelles or constituents that do not con- 
tribute to the cytologic diagnosis: smooth endoplasmic retic- 
ulum (A), Golgi apparatus (B), lysosomes (C), 
mitochondria (D), glycogen (£), and endoplasmic reticulum 
with ribosomes (F) 


relatively larger nucleus than the superficial um- 
brella cells (see Fig. 7.2). 

A planimetric study by Eldidi and Patten (1982) 
involving two-dimensional measurements of 5000 
urothelial cells in 220 healthy subjects permits a 
more accurate analysis of the cytologic features of 
normal urothelium. The basal cells of the urotheli- 
um, with an average area of 82 u?, are markedly 
smaller than the intermediate cells (229 u?) and 


Fig.7.2. Relative sizes of urothelial cells compared with 
other constituents of the urine sediment. The large umbrella 
cells (2) are smaller than squamous epithelial cells (7). The 
small basal cells (4) are slightly larger than segmented leuko- 
cytes (5), which in turn are larger than non-nucleated ery- 
throcytes (6) and “granular” bacteria (7). There is a signifi- 
cant, physiologic difference in the nuclear-cytoplasmic 
ratios of the different urothelial cells (see text) 


umbrella cells (501 u?) (see Fig 7.2). Although the 
nuclear area of the basal cells, at 24 u, is also small- 
er than in the intermediate cells (40 u?) and 
umbrella cells (64 u?), a percentage comparison in- 
dicates a physiologic disproportion of the nucle- 
ar—cytoplasmic ratios. Thus, while the nuclear area 
accounts for some 30% of the total cellular area in 
basal cells, it is only about 20% in the intermediate 
cells and 10% in the umbrella cells. 

It is important to note that multinucleation is not 
a criterion of malignancy. Approximately 19% of 
the luminal umbrella cells are binucleated, and 
about 3% contain several nuclei (Eldidi and Patten 
1982). No pathologic significance is ascribed to the 
abundant multinucleated cells found in washings 
of the upper urinary tract (see Sect. 9.6). 

The nucleoli appear on light microscopy as 
dense bodies within the nucleus. Besides the chro- 
matin, they are an essential criterion in the diagno- 
sis of malignancy. Normal urothelial cells usually 
contain one or two nucleoli with a round to oval 


shape. 


Cytologic Grading of Urothelial Tumors 


7.3 Cytologic Criteria of Malignancy 


7.3.1 Changes in the Cytoplasm 


The cytoplasm is important only as a reference 
structure for appreciating nuclear enlargement, 


i.e., determining the nuclear-cytoplasmic ratio. 


Special morphologic modifications of the cyto- 
plasm are unimportant in terms of malignancy di- 
agnosis. Further differentiation by means of spe- 
cial stains like those used in hematology is of no 
value in urinary cytology. 

Nevertheless, there are cases in which cytoplas- 
mic changes can furnish useful additional informa- 
tion. For example, a foamy, microvacuolated cyto- 
plasm may be seen following the use of 
radiographic contrast medium (see Sect. 9.4, 
Fig. 9.23a—d), and intravesical chemotherapy com- 


Fig.7.3. Schematic representation of the principal morpho- 
logic criteria of malignancy. At the center is a normal urothe- 
lial cell. Changes consistent with malignant transformation 
are: A, altered nuclear-cytoplasmic ratio; B, prominent and 
irregular nuclear membrane; C, hyperchromasia with loss of 
nuclear transparency; D, altered chromatin pattern (coarse 
granularity and clumping); E£, multiple irregularly shaped 
nucleoli; F, irregularly shaped and pleomorphic nuclei 
(anisokaryosis) 
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monly incites the formation of large, toxic-reactive 
cytoplasmic vacuoles (see Figs. 9.75 and 9.76). 


7.3.2 Changes in the Nucleus 


Nuclear alterations visible by light microscopy are 
among the most important cytologic criteria of ma- 
lignancy (Fig.7.3) and result from an increase in 
nuclear metabolism. The morphologic criteria be- 
come more pronounced as loss of differentiation 
progresses. 


— Malignancy is associated with enlargement of 
the nucleus in relation to the cytoplasm (increased 
nuclear—cytoplasmic ratio). 

— The nuclear membrane becomes irregular and 
shows sites of thickening, indentation, or infolding. 

— As the grade of malignancy increases (from 
grade 1 to grade 3), chromatin proliferation occurs. 
This phenomenon, termed hyperchromasia, leads. 
toa loss of nuclear transparency, which is interpret- 
ed as an early cytologic manifestation of urothelial 
carcinoma (Riibben et al. 1979). 

— Alteration of the chromatin pattern can also 
occur. While normal chromatin is finely granular 
and evenly distributed over the nucleus, increasing 
loss of differentiation leads to coarsening and 
clumping. In extreme cases light and dark zones 


56 


appear. From the standpoint of differential diagno- 
sis, it is extremely important to identify remaining 
transparent zones in the nucleus, which persist 
even in cases of extreme malignant transforma- 
tion. They are the only means available for ruling 
out overstaining, which can result from lytic cell 
damage, for example. Protein denaturation in 
these cases leads to an increased affinity for stain, 
which can simulate hyperchromasia. These nonvi- 
able nuclei generally appear uniformly “dark- 
ened” (see Fig.9.24a). It is also important to note 
the variations in chromatin pattern and cell size as- 
sociated with different staining procedures (see 
Fig.9.2). 

— Nuclear pleomorphism. The nuclei may as- 
sume bizarre shapes as loss of differentiation pro- 
gresses. 

— Malignancy also leads to changes in the nucle- 
oli. Besides enlargement and multiplicity, structural 
irregularities (shape distortion, pleomorphism) 
may be observed. 


7.3.3 Distribution of the Cells 


Urothelial cells may be recovered singly or in 
sheets or clusters. The finding of cell clusters may 
reflect an increased shedding of cells by urothelial 
tumors. However, cell clusters in themselves are 
not pathognomonic for malignancy. Papillomas, 
defined as cytologically and histologically benign 
by the WHO, are associated with a relative abun- 
dance of cell clusters in cytologic samples. 

Cell clusters are also more numerous following 
urinary tract instrumentation (e.g., cystoscopy, ret- 
rograde catheterization) and in catheter wearers. 
Sometimes the cells are heaped into aggregates 
(see Sect. 9.4, Fig. 9.22). Clusters with overlapping 
cells should not be interpreted, because the super- 
position may create a false-positive impression of 
hyperchromasia (Koss 1979). The patient’s history 


can be very helpful in assessing the diagnostic sig- 


nificance of cell clusters. 
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7.4 Urinary Cytologic Grading 


7.4.1 Practice of Urinary Cytologic Grading 


Despite the use of specific selection criteria, con- 
ventional urinary cytology, like many other medi- 
cal examinations (e.g., radiography, ultrasound), is 
still a subjective procedure based on empirical 
knowledge. Given the lack of numerical compara- 
bility in conventional cytologic studies, it ıs under- 
standable that there is ambiguity in the grading of 
cytologically diagnosed cellular and nuclear atyp- 
ias and malignant transformations. 

The current, generally accepted grading system 
of the WHO subdivides urothelial tumors into 
three grades of malignancy: 


— Highly differentiated urothelial tumors 
(grade 1) 

— Moderately differentiated urothelial tumors 
(grade 2) 

— Poorly differentiated urothelial tumors 
(grade 3) 

— And sometimes undifferentiated urothelial 

tumors (grade 4) 


The older grading systems of Papanicolaou 
(grades 1-5) and Bergkvist (grades 1-4) are now 
considered to be obsolete for urinary cytology. 

Given the large variation in the cytologic ap- 
pearance of the normal urothelium, more than one 
criterion must be satisfied in order to establish a di- 
agnosis of malignancy (see Fig.7.3). 

This requirement is reasonable when one con- 
siders, for example, that hyperchromasia is almost 
always accompanied by a change in the chromatin 
pattern (e.g., coarse granularity) and nuclear en- 
largement (altered nuclear-cytoplasmic ratio). 
This contrasts with the nuclear swelling (apparent- 
ly abnormal nuclear-cytoplasmic ratio) frequently 
produced by a hyperosmolar irrigant, in which the 
chromatin is either unchanged or “diluted” and 
hypochromatic (Fig.9.21a,b). This illustrates the 
fact that evaluation of a single morphologic criteri- 
on would significantly increase the danger of a 
false-positive diagnosis (low specificity). 


Cytologic Grading of Urothelial Tumors 


7.4.1.1 Cytologic Features of Highly Differentiated 
Urothelial Tumors (Grade 1) 


A combination of several structural parameters 
may be seen with highly differentiated urothelial 
tumors: 


> Slight hyperchromasia with no loss of nuclear 
transparency and no significant change in the 
chromatin pattern 

> Slight prominence (thickening) of the nuclear 
membrane 

> Slightly enlarged nucleoli that maintain a 
round to oval shape 

> Slight increase in the nuclear-cytoplasmic ratio 
(more apparent in the intermediate and um- 
brella cells, with their more copious cytoplasm, 
than in the compact basal cells) 

> All suspicious urothelial cells have a very uni- 
form, monotonous appearance, as if “stamped 
from one mold” (see Sect. 9.5.1) 


7.4.1.2 Cytologic Features of Moderately 
Differentiated Urothelial Tumors (Grade 2) 


The combined occurrence of the following mor- 
phologic changes is typical: 


Hyperchromasia is more pronounced, causing 
incipient loss of nuclear transparency 

Altered chromatin pattern (e.g., coarsely gran- 
ular) 

Thickened and irregular nuclear membrane 
Enlarged nucleoli showing incipient shape dis- 
tortion 

Marked increase in the nuclear-cytoplasmic 
ratio due to the foregoing nuclear changes 
Pleomorphic and anisokaryotic nuclei 
Suspicious urothelial cells show morphologic 
diversity and lack the uniform appearance of 
grade 1 cells (see Sect. 9.5.2) 


vv vv VV VW YW 
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7.4.1.3 Cytologic Features of Poorly Differentiated 
Urothelial Tumors (Grade 3) 


> Extreme hyperchromasia with nuclear non- 
transparency 

> Coarsely granular chromatin with a tendency to 

form clumps 

Marked irregularities of the nuclear membrane 

Large, irregularly shaped nuclei, sometimes 

showing excessive multiplicity 

Increased mitoses 

Sometimes giant, very pleomorphic nuclei 

Highly diverse urothelial cell pattern (marked 

anisocytosis and anisokaryosis) (see Sect. 

9.5.3) 


vvv vv 


7.4.1.4 Reactive Cell Changes 


Urinary cytology is fraught with potential sources 
of error in cancer diagnosis. This is based on the 
fact that the urothelial cells, like all cells, can re- 
spond to external or internal stimuli with a limited 
number of morphologic alterations (see Fig. 7.3). 
Although these reactions are much more specific 
at the molecular and biochemical level, they can- 
not be differentiated by the evaluation of cytologic 
morphology and may mimic the features of a tumor. 
Thus, hyperchromasia that is apparently suspi- 
cious for malignancy may result from protein 
biosynthesis stimulated by an infectious process. 
The general cytologic picture may, however, offer 
clues to the reactive etiology of the changes, such 
as the inflammatory background that is associated 
with infections. Other practically relevant sources 
of error due to reactive cell changes are urolithia- 
sis, the faulty processing of cellular material, and 
instrumentation of the urinary tract (see Sect. 9.4). 

Certain therapeutic procedures also can induce 
urothelial cell changes that are sometimes persis- 
tent, may be characteristic, but can in some cases 
mimic neoplastic features (see Sect. 9.7). It is par- 
ticularly important in these cases for the cy- 
topathologist to know the patient’s history and any 
therapeutic measures that have been performed 
(e.g., “patient received radiotherapy x months 
ago,” or “patient is currently receiving chemother- 
apy for prevention ofrecurrence”). 
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7.4.2 The Problem of Standardizing 
the Grading of Malignancy 


The problem of standardization (ambiguity) in the 
grading of pathologic cell changes by exfoliative 
urine cytology is based on the fact that there is no 
single parameter that exclusively determines the 
classification of cells. Rather, the examiner must 
evaluate several structural parameters that are 
subject to different interpretations from case to 
case and among different examiners, according to 
their personal experience (Ooms et al. 1983). 

Thus, some poorly differentiated tumors show 
extreme nuclear hyperchromasia (dense, non- 
transparent nucleus) with very little nuclear en- 
largement, while others show a greatly enlarged 
nucleus in which the increased chromatin can be- 
come spread out, causing little reduction of nuclear 
transparency. 

Because conventional urinary cytology lacks the 
objectivity of, say, automatic image analysis sys- 
tems (see Chap.10), which generate a single ma- 
chine-read parameter that can be quantified and 
compared with other readings, there can be sub- 
stantial interindividual discrepancies of interpre- 
tation. 

This disadvantage of conventional urine cytolo- 
gy is balanced by its modest equipment require- 
ments and simplicity of performance. Also, am- 
biguous “grading boundaries” as a cause of 
interindividual discrepancies is only a relative dis- 
advantage owing to the direct relationship of diag- 
nostic accuracy to clinical relevance. 

The uncertain cytologic identification of highly 
differentiated urothelial tumors (30%-50%) is 
based on the minimal or absent pathoanatomy of 
urothelial tumor cells (Riibben et al. 1989) and 
thus is a direct consequence of the blurred dividing 
line between normal and malignant urothelial 
cells. At the same time, a significant percentage of 
these tumors are invasive and are easily diagnosed 
by endoscopy, so the insufficient detection rate is 
of relatively minor clinical importance. The fact re- 


mains, however, that conventional urinary cytolo- 


gy is not a reliable procedure for replacing invasive 
cystourethroscopy in the primary diagnosis and 
follow-up of highly differentiated urothelial tu- 
mors. 

On the other hand, prognostically significant le- 
sions such as carcinoma in situ and invasive urothe- 
lial tumors almost invariably show at least a moder- 
ate loss of differentiation (grade 2). As a result, 
these lesions differ very markedly from normal 
urothelium in their cytologic presentation and can 
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be classified as prognostically relevant dysplasias 
or carcinomas with reasonably high confidence, de- 
spite interindividual discrepancies (see Chap. 2). 

Ultimately it does not matter whether different 
examiners classify a “borderline” cytologic speci- 
men as grade 2 or grade 3. The crucial factor is the 
diagnosis or exclusion of malignancy (>/grade 2) or 
of a severe dysplasia having significant prognostic 
implications (see Chap.6), for this determination 
forms the essential starting point for any further 
endoscopic and/or biopsy investigations or more 
sophisticated cytologic procedures (see Chaps. 10 
and 11). 

Despite the lack of standardization, exfoliative 
urinary cytology remains the first-line technique 
for the detection and follow-up of urothelial tu- 
mors (Badalament et al. 1987). In clinically rele- 
vant situations (e.g., where is need to assess the 
feasibility of radical surgery), urine cytology can be 
supplemented by objective, more reproducible 
procedures. | 

Here we find a promising practical realization of 
the requirement that the new image-analysis and 
immunologic techniques serve not ina competitive 
but in an adjunctive capacity to conventional uri- 
nary cytology. 
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8.1 General Remarks on Cytologic 
Technique 


The success of urinary cytology depends on several 
components. The essential element of the cytolog- 
ic examination, the cytodiagnosis itself, is depen- 
dent on the preparation of good-quality, readable 
specimens. In this chapter we shall describe the 
necessary working techniques in detail, thereby 
helping the physician active in cytology to make an 
informed choice among available devices and tech- 
niques for cytologic processing. 


8.1.1 Specimen Collection 


There is still controversy about many of the details 
involved in the collection of material for cytologic 
evaluation. In this chapter we shall compare irriga- 
tion specimens (washings) with the use of sponta- 
neously voided urine (see Sect. 8.3). We shall also 
note certain technical points in retrograde irriga- 
tion cytology and the collection of urethral wash- 
ings. 


8.1.2 Specimen Processing 


There are both mandatory and optional steps in- 
volved in the processing of cytologic specimens. 
Every clinic and office must select a procedure that 
is reasonable and practical for its own circum- 
stances. The cytoprocessing routine will be influ- 
enced by the equipment that is available, the place 
where the cytologic evaluation will be performed 
(on- or off-site), and how quickly a diagnosis is re- 
quired. 

With regard to timing, one can choose between 
the options of immediate (instant) cytology and 
delayed or “second look” cytology. 

If an immediate bedside diagnosis is needed or 
desired, rapid staining methods must be employed. 
Their exclusive use in the clinical and office setting 
often raises the problem of integrating the staining 


62 


procedure into the clinical or office routine, mak- 
ing it necessary to fix or preserve the specimen for 
later processing. 

This aspect of cytoprocessing is extremely im- 
portant, because an accurate cytologic diagnosis 
depends on the state of preservation of the cells. 
No more than 2 h of contact with urine is required 
for proteolytic enzymes and bacterial cytolysins to 
induce degenerative cell changes. Thus, the cells 
must either be protected by the addition of a cellu- 
lar preservative or fixative to the urine, or they 
must be recovered from the urine and transferred 
to amicroscope slide (see Sect. 8.4 for details). 

The following factors may serve as criteria for in- 
fluencing the selection of a processing routine: 


— Bedside diagnosis 

— Integration into existing routine 

— Wish or need for documentation 

— Reference cytology (dispatch to an off-site lab) 


Generally, the following alternatives are avail- 
able for designing a cytoprocessing routine: 


Immediate cytology: 
Urine 
Cell concentration 


Rapid stainin 


Methylene Prestained Sediment 
blue slides stain 
Sangodiff® Sedicolor® 
Testsimplets® MD-Kova soln.® 
Option 1 
Urine 
Fixative 
Preservative 
| 
Later Later Dispatch 
rapid staining permanent staining 
Option 2 
Urine 
Cell concentration 
and transfer to slide 
Air drying for Spray fixation Alcoholimmersion 
Giemsa stain for alcoholstain for alcohol stain 
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Delayed cytology: For later conduct of the cy- 
tologic evaluation, whether on-site or in a cytology 
laboratory, the cells may be fixed and preserved 
within the urine “carrier medium” (option 1), or 
the cells may be recovered, transferred to a slide, 
and fixed there (option 2). The cells may be recov- 
ered by direct centrifugation, membrane filtration, 
or with a cytocentrifuge (see Sect. 8.5). 

When the specimen is to be dispatched to a cy- 
tology laboratory, the laboratory should be con- 
sulted regarding fixation and preservation of the 
urine to ensure that the “readability” of the speci- 
men is not compromised by troublesome interac- 
tions. For example, air-drying must be avoided in 
specimens that are earmarked for alcohol staining 
(e.g., by the Papanicolaou method). 

For cytology in the office setting, it can be useful 
to divide the urine sample into two portions. One 
portion can be evaluated by rapid staining right 
away or at the end of the visit (with more than a 2-h 
delay, a preservative should be added or the sedi- 
ment extracted; see Sect. 8.4.1), while the second 
portion, with preservative added, can be saved for 
further processing as required (e.g., with tumor 
findings, suspicious or equivocal findings, or to as- 
sist follow-up of intravesical chemotherapy) (see 
Sect. 8.8). The second sample may be used for the 
preparation of a permanent or differential stain, or 
the cellular material may be fixed on a slide for 
staining in a cytology laboratory or for dispatch to 
a cytopathologist. 
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8.1.3 Cell Concentration 


Urine cytology works with exfoliated cells that are 
collected from a relatively large volume of fluid. 
Given this dilution effect, the cellular material 
must be concentrated before it is examined so that 
an accurate cytologic diagnosis can be made within 
a reasonable period of time. 

The cells can be concentrated and recovered by 
classic direct centrifugation to produce a sediment 
or “pellet,” by the membrane filtration technique, 
or by centrifuging the cells directly onto a slide (cy- 
tocentrifugation; see Sect. 8.5). The capillary filter 
suction technique is a more recent method whose 
value has not yet been definitively proven (see 
Sect. 8.5.4). | 

Ultimately the particular clinic, institution, or 
office must select the method of cell concentration 
and recovery (see Sect. 8.5) that is most appropri- 
ate for its own circumstances. 


8.1.4 Direct Microscopy and Staining Methods 


The direct examination of fresh sediment by 
bright-field microscopy does not permit an accu- 
rate cytologic diagnosis due to the deficient con- 
trast of the cellular structures. 

A fascinatingly simple method that has become 
less popular with the advent of rapid staining tech- 
niques is phase contrast microscopy (PCM). The 
principle, whose discovery earned Zernicke the 
Nobel Prize for physics in 1953, is based on a 
change in the diffraction peaks of the microscopic 
image resulting in differences of light intensity that 
bring out structural details in the unstained cells 
(see Sect. 8.6 for details). 

Interference contrast microscopy of fresh urine 
produces a relief-like image of the cells, as if they 
were being viewed under oblique illumination. 
This technique has no practical importance in rou- 
tine oncologic cytology. 

Rapid staining for immediate cytology may be 
performed with methylene blue, sediment stains, 
or prestained slides. Sediment stains are of limited 
value for oncologic urinary cytology, however. 

A variety of techniques are available for the dif- 
ferential and permanent staining of specimens. 
After air-drying, the specimen may be stained by 
the Giemsa or Pappenheim (combined May- 
Griinwald/Giemsa stain) procedure, or the simpler 
Hemacolor (Merck) stain can be used. 

The standard stain for urinary cytology is the 
Papanicolaou stain. This method yields excellent 
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results, but the procedure is relatively complicated 
and time-consuming. An alternative is the rapid al- 
cohol-based Szczepanik stain. 

Other special staining techniques, like those 
used in hematology for the differentiation of rele- 
vant cytoplasmic structures, are not needed in 
urine cytology because the diagnosis of malignan- 
cy relies chiefly on the evaluation of the cell nucle- 
us. 


8.2 Working Materials 


8.2.1 Slides 


The glass microscope slides that hold the speci- 
mens are produced in a standard 76 x 26-mm for- 
mat (English format) with a thickness of 1-1.2 mm. 
Slight deviations in slide thickness are of no impor- 
tance. 

The coverslip above the specimen should have 
the standard thickness of 0.17 mm, because micro- 
scope objectives are corrected for that thickness to 
eliminate “coverslip error.” The coverslip thus 
forms part of the optical system of the microscope. 
Objectives are not properly corrected for cover- 
slips of nonstandard thickness, some of which are 
still available commercially. 


8.2.2 Centrifuge Tubes 


Centrifuge tubes may be made of reusable glass 
(cleaned immediately after use to avoid contami- 
nation of the next sample), or disposable tubes 
may be used. 

Sediment and cells may be lost from the tube 
when the hypocellular supernatant fluid is poured 
off (decanted) after centrifugation. This problem 
can be eliminated by using conical instead of 
round-bottomed tubes. 

If, after decanting, there is too much residual 
urine in the sediment from a sparsely cellular sam- 
ple, the concentration effect is diminished. 
Additional supernatant can be removed with filter 
strips or by inverting the tubes onto absorbent fil- 
ter paper and letting them stand for 30-60 s. Again, 
the use of conical tubes will eliminate the danger of 
cell loss (Fig. 8.1). 
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8.2.3 Pipettes 


Pipettes are used to transfer the cellular material 
onto the slide after centrifugation. This may be 
done with a disposable Pasteur pipette (a), a 
plunger-type pipette (Eppendorf pipette) with a 
replaceable plastic tip (b), or a glass pipette with a 
bulb syringe (c) (Fig. 8.2). 


8.2.4 Fixation and Staining Utensils 


For some staining procedures (see Sect. 8.7) the 
slides must be wet-fixed following application of 


Fig. 8.2 


the cellular material. This can be done with a spray 
fixative (Fig.8.3) or by immersion in an alcohol 
bath (Fig. 8.4). 

Glass cuvets serve as containers for fixation as 
well as staining. The cuvet may be manually loaded, 
in which case vertical guides along the side walls 
keep the slides from touching each other (see 
Fig. 8.4). Ifa shallower dish is used, the slides can be 
loaded onto a slide carrier for immersion (Fig. 8.5). 


Working Techniques in Urinary Cytology 


A staining rack is useful for Giemsa staining (see 
Sect. 8.7.1.4). With this apparatus the slides can be 
coated with the stain while lying flat, then moved 
without touching to a tilted position for rinsing 
with water. The staining rack (Fig. 8.6) can be pur- 
chased separately from the catch basin if desired 
and mounted on the rim of the laboratory sink. 

Some dye solutions, especially Giemsa and 
Papanicolaou stains, must be regularly filtered to 
avoid artifacts. Special paper filters and funnels 
(Fig. 8.7) can be obtained for this purpose. 


8.2.5 Filing 


If there is a need or desire for permanent filing of 
cytologic preparations, several options are avail- 


able. If permanently stained specimens are mount- © 


ed (see Section 8.7.3) with corbite balsam (Eukitt, 
Caedax, Hico-Mic), they should be thoroughly 
dried for 2 days before filing so that they will not 
stick together. Mounting is not an essential step in 
processing, but unmounted slides must be stored in 
a lightproof container. 

The simplest and most economical storage 
method is to place the slides into their original 
package and label the outside of the box. 
Alternatively, slides may be filed in cardboard 
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portfolios or wooden cases (Fig.8.8), which also 
may be used for off-site dispatch. The use of large 
filing cabinets in which slides are stored on edge in 
narrow compartments is an effective but costly so- 
lution. 


8.3 Specimen Collection 


8.3.1 Timing and Technique of Urine Collection 


Since micturition is a physiologic process, there is 
no basic difficulty in collecting material for cyto- 
logic evaluation. The use of spontaneously voided 
urine is satisfactory for routine examinations. The 
first morning urine should not be used, because 
prolonged contact of the cells with the urine leads 
to marked cellular degeneration by the action of 
proteolytic enzymes and bacterial cytolysins. 
Some examiners prefer irrigation cytology 
(bladder washings) because of the improved cellu- 
lar yield. After voiding, the bladder is irrigated 
through a catheter or cystoscope with 50-100 ml of 
physiologic saline solution. Isotonic physiologic 
saline (0.9% ) or Ringer’s solution is recommended 
to avoid osmotically-induced cell changes (see 
Sect. 9.4, Fig. 9.21a,b). The hypoosmolarity of dis- 
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tilled water, for example, causes nuclear swelling 
that must be taken into account when evaluating 
the nuclear-cytoplasmic ratio as a criterion of ma- 
lignancy. 

Although irrigation cytology can increase diag- 
nostic confidence by increasing the desquamation 
of urothelial cells, it has several disadvantages: 


— It sacrifices the advantage of noninvasiveness, | 


which is particularly important in male patients. 

— The instrumental manipulation incites reactive 
cell changes that can mimic the features of high- 
ly differentiated dysplasias or tumors (“cytolog- 
ic irritation by bladder irrigation”). 
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8.3.2 Special Techniques 


8.3.2.1 Irrigation Cytology of 
the Upper Urinary Tract 


Retrograde irrigation cytology can be performed 
in patients with a suspected tumor of the upper uri- 
nary tract. Several points of emphasis should be 
noted: 


> The cytologic material should be collected be- 
fore the administration of contrast medium to 
avoid artifactual cell changes. 

» Experience has shown that urothelial cells re- 
trieved in washings from the upper urinary 
tract show significant reactive, manipulative 
changes that are far more pronounced than 
those seen in bladder washings. For this reason 
a multistep procedure has proven beneficial 
(Fig.8.9): 

1. Drain the bladder urine (preferably no 
washings) through the cystoscope. 

2. With satisfactory diuresis, thread a catheter 
into the ureteral orifice and obtain a sample 
(several milliliters) of spontaneously pro- 
duced urine (may have to rotate UC to 
clear catheter opening of obstructing 
mucosa). 

3. Collect irrigation specimen after washing 
upper urinary tract with 10-20 ml isotonic 
saline or Ringer’s solution. 


If questionably pathologic urothelial changes are 
found in the upper urinary tract washings, the blad- 
der urine sample (1) and the spontaneous urine 
sample from the catheterized ureter (2) provide a 
source of additional information for evaluating a 
possible reactive etiology of the suspicious urothe- 
lial cells in the ureteral washings (3). 

Given the difficulties of the cytologic evaluation, 
it is ultimately up to the individual to decide 
whether to take a more passive, expectant ap- 
proach or pursue a more vigorous endoscopic or 
exploratory surgical examination. 

The retrograde brushing technique, first de- 
scribed by Gill et al. (1973), is problematic because 
passage of the Ch 7 catheter is quite painful, neces- 
sitating the use of an anesthetic, and also causes 
significant artifacts. Based on the associated high 
rate of false-positive findings, Koss (1989) has 
completely abandoned the evaluation of cytologic 
specimens obtained by the brush technique. 
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8.3.2.2 Irrigation Cytology of the Urethra 


Because a recurrent urothelial tumor develops in 
the urethral remnant of 4%-18% of all cystec- 
tomized patients, urethral washings should be an 
essential part of the follow-up program. 

While it is possible to irrigate the urethra 
through an olive adapted to the external meatus, 
this technique may not adequately irrigate the 
proximal part of the urethral remnant, where there 
is the greatest likelihood of a recurrence. 
Additionally, squamous epithelial cells exfoliated 
from the distal part of the urethra can cause a su- 
perposition effect that hampers cytologic evalua- 
tion. 

It is better, therefore, to irrigate the urethra and 
especially the proximal remnant through a thin- 
gauge disposable catheter using isotonic saline or 
Ringer’s solution. 


8.3.2.3 Aspiration Cytology 


The cytologic examination of aspirated material is 
occasionally indicated. An anticoagulant can be 
added to a sample that contains a significant 
amount of blood. Suitable anticoagulants are hep- 
arin (1 mg or 100 units per 10 ml aspirate), EDTA 
(10 mg per 10 ml aspirate), or sodium citrate 
(20 mg per 10 ml aspirate). 
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8.4 Specimen Fixation and 
Preservation 


The fixation and preservation of cytologic material 
is of interest for three reasons: 


1. Dispatch to an off-site facility for “primary” or 
reference cytology, or for performing a sophisti- 
cated, differential staining procedure in a cy- 
topathology laboratory. | 

2. Economy of time and cost, since urine samples 
collected at different times can be processed at 
the same time. This also means that the collected 
samples can be analyzed at certain times by 
rapid staining or jointly subjected to differential 
staining. 

3. Documentation of findings that are of clinical, 
scientific, or forensic interest. 


Two basic methods are used in the fixation and 
preservation of cells before staining: The cells may 
be fixed and preserved while still within the urine 
“carrier medium,” or the cells may be primarily re- 
covered from the urine, transferred to a slide, and 
fixed there. 


8.4.1 Preservation and Fixation of Urine 


Option 1 


> Centrifuge a urine portion. 
> Pour off (decant) the supernatant. 
» Add Esposti fixative to the sediment ina 1:1 ra- 
tio. Its formula is as follows: 
10 ml acetic acid 100% 
48 ml methanol 
42 ml distilled water 


100 ml 


Note: Acetic acid can cause hemolysis of erythro- 
cytes. When gross hematuria is present, this can 
help eliminate troublesome overlapping of urothe- 
lial cells by erythrocytes, but in studies of unex- 
plained hematuria it can remove the valuable op- 
tion of evaluating erythrocyte morphology. 

Cellular suspensions fixed in this way can be 
kept in a refrigerator for several days. It is impor- 
tant to mix the sediment thoroughly with the fixa- 
tive by gentle shaking. 

Immediately prefixed urine samples should be 
stained with an alcohol stain (Papanicolaou or 
Szczepanik), because the presence of a fixative can 
degrade the quality of a Giemsa or Pappenheim 
stain. It is better to dry-fix the specimen on the 
slide when these stains are used. 


68 


Option 2 
> Centrifuge a urine portion. 
> Pour off (decant) the supernatant. 
> Add alcohol to the sediment in a 1:1 ratio. 
Composition: 
90 ml ethanol (97% ) 


10 ml formalin (37% ) 
100 ml 


Note: Formalin (even traces of formalin vapor) has 
such a negative effect on Giemsa and Pappenheim 
stains that these techniques cannot be used after 
ethanol-formalin fixation. 

Because alcohol is a dehydrating agent, alcohol 
fixation causes a marked shrinkage of the cell nuclei. 
Thiscan obscure the details of nuclear structures. 

Urine samples fixed with alcohol can be stored 
for several months. 


Option 3 

> Mix 10-20 ml urine with approximately 50 mg 
of thiomersal salt. Alternatively, 2-3 ml of a 
thiomersal stock solution can be used. 
Composition: 5 g of thiomersal dissolved in 
100 ml of distilled water. 


Note: Thiomersal is excellent for the short-term 
stabilization of urine for 3-4 days. The alcohol-free 
sample can then be processed further using a rapid 
stain, alcoholic stain (e.g., Papanicolaou), or 
Giemsa or Pappenheim stain. 

Thiomersal must be stored in the dark. It con- 
tains mercury, so the supernatant left by centrifu- 
gation should be placed into a separate sealed con- 
tainer for special disposal. 

Urine fixed with thiomersal should be stored in 
the refrigerator but may be removed for mailing, 
etc. 


Option 4 

> Centrifuge a urine portion. 

> Pour off the supernatant (completely!). 

> Resuspend approximately 1 ml in 0.9% NaCl. 


Note: Degenerative cell changes can still occur | 


with this method. It is important to remove the su- 
pernatant urine immediately and as completely as 
possible, retaining a highly cellular sediment. 
Simple decanting generally must be combined with 
the use of filter strips to absorb residual urine. 

The sediment, resuspended in physiologic saline 
solution, can be stored a maximum of 24-48 h in 
the refrigerator. 
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Option 5 

The Robapharm company offers a new “dispatch 
preservative” for fresh urine; 1-2 ml of the medi- 
um added to 10 ml of urine will provide adequate 
preservation for several days. The procedure is 
simple and economical, and the preservative is 
nontoxic. 


Option 6 

A urine fixation system developed in Sweden and 
offering the advantage of using a large urine vol- 
ume with a correspondingly high cellular yield is 
being tested under the brand name Urotel. 

Approximately 150 ml of fresh urine is poured 
into the labeled sediment bag (Fig.8.10a). The 
chamber with the urine, clamped off at the top and 
bottom (b), contains a prefixative (3 ml of 10% 
trichloroacetic acid) that prevents cellular degen- 
eration. After about 10 h of sedimentation, the up- 
per clamp is reapplied above the sediment (c), and 
the lower clamp is removed. This mixes the pre- 
fixed sediment with the fixative (10 ml ethanol), 
whereupon the sediment can be further processed 
or dispatched at leisure (d). 

One advantage of this system is that it recovers 
all the cells from a large urine volume, which is 
beneficial in terms of accurate diagnosis. Given the 
various alternatives that are available, it remains to 
be seen whether the system will become widely 
used. 
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Gray clamp 


Red clamp 
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Fig. 8.10 
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8.4.2 Cell Fixation on Slides 
8.4.2.1 Dry Fixation on Slides 


The air-drying (dry fixation) of cells on the slide is 
a necessary prelude to staining by the Giemsa 
or combined May-Griinwald/Giemsa procedure 
(Pappenheim panoptic stain) or for rapid 
Hemacolor staining. After centrifugation of the 
fresh or nonalcohol-preserved urine, the sediment 
is spread onto the slide (Fig. 8.11) or the slide is tilt- 
ed so that the sediment drop runs down it. 

The specimen should be dried as quickly as possi- 
ble to minimize artifacts. Drying can be hastened by 
shaking the slide vigorously in the air (holding it by 
the edges) or placing it brieflyin athermostaticincu- 
bator until the surface sheen is gone (predrying). 

Then the slide is tilted upright on its narrow edge 
for definitive drying, which may require several 
hours. The coated side of the slide can face down- 
ward as a precaution against contamination by 
dust particles. 

The fixation produced by air-drying is adequate 
for no more than 24 h. The fixation effect is im- 
proved and prolonged by immersing the air-dried 
slide in methyl alcohol for 5-10 min, or in ethanol 
or a mixture of equal parts ethanol and ether for 
20-30 min. When an ether-containing fixative is 
used, the fixation vessel should be tightly covered 
to prevent evaporation, and the fixative solution 
should be returned to the storage bottle immedi- 
ately after use. 


8.4.2.2 Wet Fixation on Slides 


Wet fixation is necessary for alcohol staining by the 
Papanicolaou or Szczepanik technique, for other- 
wise degenerative cell changes will occur. Either 
spray fixation or alcohol immersion may be used. 


Spray Fixation. Commercially available spray fixa- 
tives contain polyethylene glycol (e.g., Merckofix). 
The smear or cytocentrifuge preparation is spray- 
fixed while still moist. Care is taken to hold the 
spray nozzle an adequate distance from the slide 
(about 20 cm) so that cells are not dislodged. The 
fixative should coat the slide evenly without pud- 
dling (see Fig. 8.3). 

The protection afforded by spray fixation per- 
mits the collection of several specimens for further 
joint processing at a later time and is also adequate 
for specimen dispatch. The alcohol contained in 
the spray evaporates, leaving the residual 
polyethylene glycol as a protective coating. 
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Spray fixatives also can be applied to a large 
drop of material before immersing the slide into 
stain or alcohol. This increases cellular adherence 
to the slide, avoiding cell loss and the possible 
cross-contamination of slides by floaters. 

Before the cell sample is stained, the protective 
polyethylene glycol film is dissolved by immersing 
the slide in diluted alcohol (30% ethanol). For 
Papanicolaou staining, for example, the slide is 
not put through the entire initial alcohol series 
(80%, 70%, 30%) before immersion in distilled 
water; instead, the spray-fixed specimen is dipped 
into 30% ethanol for only about 10 s before pro- 
ceeding with the rest of the sequence (distilled 
water, etc.). 


Wet Fixation by Alcohol Immersion. In wet fixa- 
tion by alcohol immersion, the slides carrying the 
cellular material (applied as a drop of sediment or 
by another concentration technique, see Sect. 8.5) 
are immersed in the fixative solution for at least 
15 min (see Fig.8.4). The specimen should be 
fixed immediately after transfer to the slide, be- 
fore. drying has begun, to avoid degenerative cell 
changes. 

When this technique is used, cells may slough 
into the alcohol bath, causing problems of cell loss 
and also cross-contamination of other slides that 
are simultaneously or subsequently placed into the 
cuvet. Although mucous and proteinaceous sub- 
stances in the urine normally provide a natural cel- 
lular adherence, it is a sound precaution to pretreat 
the slides. 


Option I 

Spread albumin onto the slides before applying the 
cellular material. Mayer’s albumin is composed of 
equal parts of egg or serum protein and glycerine. 
Unfortunately, background staining artifacts may 
occur with this procedure. 


Option 2 
The clean, fat-free slides are coated with Poly-L- 
Lysin, a synthetic protein made from an amino acid. 


The slides are dipped briefly into a PLL solution 


(12.5 mg PLL in 100 ml distilled water) and dried in 
a dust-free environment. Drops of PLL should not 
be left on the slide, because later the protein may 
take up stain, depending on the staining procedure 
that is used. A thin PLL coating will not alter the 
appearance of the stained preparation. 

Many slides can be coated at one time in a batch 
process, since the coating will retain its adhesive 
properties for several weeks. The slides can be 
used as needed during this period. 
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Option 3 
After spreading or cytocentrifugation of the cellu- 
lar material onto the slide, a small amount of spray 
fixative can be applied to the slide to prevent the 
sloughing of cells. 

Various alcohols can be used as a fixative solu- 
tion for alcohol immersion: 


— 96% ethanol 

— A mixture of equal parts of ethanol and diethyl 
ether (the vessel with the fixative solution 
should be sealable, for ether evaporates rapidly) 

— Methyl alcohol 

— 90% acetone 

— A mixture of 5 parts 96% ethanol and 1 part 
glycerine 

— 99% isopropyl alcohol 


The addition of acetic acid to fixative solutions 
causes the hemolysis of erythrocytes and can be ad- 
vantageous for clearing the field of red cells in 
grossly bloody samples. Generally, however, acetic 
acid should not be added because it prevents the 
evaluation of erythrocyte morphology as a means 
of identifying glomerular sources of hematuria. 

If a hemolytic action is desired, 3 vol% glacial 
acetic acid (100% acetic acid) can be added to the 
fixative solution. 
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8.5 Methods of Cell Concentration 


The accuracy of the cytologic diagnosis depends 
not just on sound preparatory and staining tech- 
niques and the experience of the cytologist but also 
on the number of urothelial cells that are available 
for evaluation and intercomparison. Because only 
small numbers of urothelial cells may exfoliate into 
the urine stream, cell concentration procedures 
must be integrated into the preparatory routine. 

In contrast to ordinary centrifugation, more so- 
phisticated techniques such as cytocentrifugation 
make it possible to concentrate the cells into a rela- 
tively small area on the slide. These techniques in- 
crease the likelihood of recovering all diagnostical- 
ly relevant cells and improve screening efficiency. 
It is up to the individual to select the recovery tech- 
nique that offers the most acceptable cost-benefit 
ratio. 


8.5.1 Direct Centrifugation 


Direct centrifugation is the standard technique for 
preparing cellular sediment from urine. 


Fig. 8.12. Several millimeters of 
urine sediment (the lower, settled 
part of the sample, not the sparsely 
cellular supernatant!) are pipetted 
into the sample chamber. The micro- 
scope slide (O) and filter card (F) are 
mounted so that the slide is farthest 
from the centrifuge hub (Z). During 
centrifugation, the cells are concen- 
trated into a small circular area on 
the slide, eliminating the need to 
screen an entire smear 


Centrifuge setup 
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Shake the urine sample to resuspend cells that 
have settled. 

Pour 10-20 ml into the centrifuge tube. 
Centrifuge at 2000 rpm for 5-10 min. 

Decant the supernatant, then proceed with fur- 
ther processing or fixation of the sediment ac- 
cording to the staining method that will be 
used. 
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8.5.2 Cytocentrifugation 


Cytocentrifugation deposits the concentrated cel- 
lular material directly onto a slide, where it can be 
fixed and stained. This method offers two main ad- 
vantages: 


— The high rate of cell recovery concentrates many 
cells onto a small area of the slide where they 
can be easily found and interpreted (Fig. 8.12). 

— Significant time saving, since the examiner does 
not have to screen the entire slide. The sediment 
is deposited at a consistent site that is easily lo- 
cated using the coordinates on the microscope 
stage. 


Cytocentrifuges are offered by various man- 
ufacturers. Besides dedicated cytocentrifuges 
(Shandon Cytospin), whose high cost is justified 


For comparison: 
conventional smear with cells 
spread over a large area 
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Fig.8.13. Principle of membrane filtra- 
tion: Urine, salts, and erythrocytes are 
pushed or drawn through the filter by a 
positive or negative pressure. The uro- 
thelial constituents are retained on the 
filter for transfer to a slide. (Modified 
from Ziegler and Völter) 


only by frequent use, some manufacturers offer de- 
vices that can be adapted for multiple tasks 
(Heraeus, Hettich). In these devices, special cham- 
bers for cytocentrifugation can be attached to the 
centrifuge rotor. 


8.5.3 Membrane-Filter Techniques 


In these techniques the cells are trapped by a filter 
and then transferred to a slide using a “sandwich” 
or imprint technique for further processing. The 
actual filtration processes may use a vacuum or 
positive pressure to draw or push the urine sample 
through the filter (Fig. 8.13). 
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Fig.8.14. Setup for the Millipore technique. 
l, Filter cup; 2, filter holder; 3, glass flask; 
4,manometer; 5, tubing to vacuum source 


8.5.3.1 Ultrafiltration Imprint Technique Using the 
Millipore System 


The fresh, preserved, or prefixed urine sample is 
poured into a vessel whose base is separated froma 
lower container by a filter (5 or 8 um pore size) ona 
coarse metal grid. A vacuum pump creates a nega- 
tive pressure of 15—20 Torr which draws the urine 
through the filter pores into the lower collecting 
vessel (Fig.8.14). After the urine has passed 
through it, the filter is removed from the apparatus 
with forceps and imprinted onto the slide, which is 
first coated with a suitable adhesive medium (e.g., 
Poly-L-Lysin) to improve cellular adherence (see 
Sect. 8.4.2). 

Depending on staining requirements, the slide is 
subsequently air-dried or wet-fixed by spray or al- 
cohol immersion. 


8.5.3.2 Membrane-Filter Techniques 
(Pressure Filtration) 


In the positive-pressure membrane-filter tech- 
nique (Sartorius Co.), the urine is drawn up into a 
10- or 20-ml disposable syringe and injected 
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Fig.8.15. Principle of positive- 
pressure filtration. (Modified from 
Aeikens 1981) 


through a filter holder that screws onto the end of 
the syringe. The filters come in various diameters 
(up to 25 mm) with pore sizes of 5 or 8 u. 

The filter retains the urothelial cells while allow- 
ing smaller, undesired constituents and salts to pass 
through. The pores are designed so that the filter 
becomes clogged when it has acquired an optimum 
cell load. This point has been reached when no ad- 
ditional urine can be pressed through the filter. 

After filtration is completed, the filter holder is 
opened, the filter is removed, and the cells on the 
filter. are transferred to a slide previously coated 
with adhesive (Fig.8.15). The specimen can then 
be air-dried or wet-fixed (spray or alcohol immer- 
sion) for further staining or dispatch. 


Cyto-Quick System. A relatively complex appara- 
tus for cell recovery and fixation is marketed under 
the brand name Cyto-Quick (Fig. 8.16). In this sys- 
tem cell concentration and fixation are accom- 
plished in two successive filtering processes. A cap 
containing a filter cartridge is screwed onto a con- 


Fig.8.16. Principle of the Cyto-Quick system with primary 
filtration and fixation followed by refiltration through a sec- 
ondary filter, which is then imprinted onto a slide 


Filtration Cell fixation 


Preparations 
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tainer with the urine cartridge. The container is in- 
verted, and the cells collect in the filter filament 
contained in the cartridge. After 10-30 min the fil- 
ter is removed from the cartridge and fixed in an 
alcohol medium. At this point the sample is stabi- 
lized and ready for dispatch or further examina- 
tion. 

In a second filtering process the urine is sent 
through a secondary filter, on whose surface the 
cells are retained. The cells are then imprinted 
onto a slide (“sandwich” technique) and fixed 
there. 


8.5.4 Capillary Filter Suction Technique 


A new system (Carcyt U1) currently undergoing 
clinical testing employs a principle similar to that 
of a felt-tipped pen. A small capillary tube is placed 
into a urine sample that has been allowed to settle, 
and an indicator window at the top of the tube sig- 
nals when capillary suction is complete. The cells 
adhering to the end of the tube are then pressed 
onto a slide previously treated with a cellular adhe- 
sive (Fig. 8.17). 


8.5.5 Sedimentation Techniques 


These methods are based on the spontaneous sedi- 
mentation of cells while the fluid medium is slowly 
absorbed by filter paper. Gradual absorption is 
achieved by the use of weights (Bots’ method) or 
brass rings (Blonk’s method). The slow rate of cell 


Fig.8.17. Principle of the Carcyt-U1 system: The capillary 
filter is placed into a urine sample that has been allowed 
to settle (7). The end of the filter is then pressed onto a 
glass slide (2) previously treated with a cellular adhesive (3). 
After drying, the specimens are fixed for 15 min in alcohol 
(4) and then stained (5) 


Perspex 
tube 


Fig.8.18. Principle of Blonk’s sedimentation technique. 
(From de Vogt et al. 1979) 
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sedimentation onto the slide beneath the filter pa- 
per avoids physical damage to the cells. 

Procedure of Blonk’s method (Fig.8.18): A piece 
of hard filter paper with a circular perforation is 
placed over a glass slide. The size of the hole 
matches the inside diameter of the tube and the 
area in which the cells will be concentrated 
(13 mm). Then the tube with the brass rings is 
placed onto the paper so that the tube orifice lines 
up with the hole in the paper (see Fig. 8.18). About 
1-5 ml of the urine sample is pipetted into the tube, 
depending on the cell concentration. The fluid 
should be absorbed within 30 min; if absorption 
takes longer, several of the brass rings are carefully 
removed. 


8.6 Phase Contrast Microscopy 


Phase contrast microscopy (PCM) is the most 
widely used contrast-enhancing microscopic tech- 
nique for the examination of unstained specimens. 

The use of an annular diaphragm (Aj) in the 
condenser (C) and an annular phase plate (A2) in 
the objective (B) results in the separation of 
diffracted (I) and nondiffracted (II) light rays. The 
wavelength of the diffracted rays is delayed, setting 


Fig.8.20. Basal cells as demonstrated by conventional light 
microscopy (a, c) and phase contrast microscopy (b, d). 
From de Vogt et al. 1979) 
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Fig.8.19. Principle of phase contrast microscopy (see text). 
(From de Vogt et al. 1979) 


up a phase difference which causes structural de- 
tails within the cell to appear darker than the sur- 
rounding medium. The differences in brightness 
also create an optical artifact in the form of a halo 
around the structures of interest (Fig. 8.20). 

Because PCM is inferior to all other staining 
methods in current use, it has little practical impor- 
tance in oncologic urinary cytology. 

A major application of PCM is in the differentia- 
tion of erythrocyte morphologies, i.e., distinguish- 
ing between a postrenal urothelial and a renal 
glomerular origin of hematuria (see Chap. 12). 
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8.7 Staining Methods 


8.7.1 Rapid Stains 
8.7.1.1 Methylene Blue Stain 


Staining with Löffler’s methylene blue is a simple, 
rapid, and cost-effective method that imparts a 
blue stain to cell nuclei. 


Procedure 


> Centrifuge the fresh or preserved urine. 

» Place a drop of sediment onto a slide. 

> Apply the stain either next to the sediment be- 
fore coverslipping or at the edge of the applied 
coverslip (Fig. 8.21). 


Note: 

— The area where the methylene blue directly con- 
tacts the sediment usually shows heavy over- 
staining that should not be mistaken for patho- 
logic hyperchromasia. 

— The specimen can be interpreted 5-10 min after 
staining. | 

— The specimen can be stored in a moist environ- 
ment (covered Petri disk in the refrigerator) for 
a maximum of 24 h. A specimen stained with 
methylene blue cannot be mounted for perma- 
nent filing. 


8.7.1.2 Sediment Stains 


Unlike methylene blue, sediment stains 
(Sedicolor, MD-Kova solution) are mixed directly 
with the cellular material before the sediment is 
placed on the slide. Procedure: 


> Centrifuge and decant the supernatant. 

> Add 2 drops of stain to the sediment. 

> Mix thoroughly. 

> Incubate for 1 min, then apply to coverslip and 
slide. 


Note: Sediment stains are suitable for the prelimi- 
nary evaluation of urine specimens, especially for 
the assessment of erythrocyte morphology, but 
otherwise they are qualitatively inferior to other 
staining methods and are inadequate for oncologic 
urinary cytology. 
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Fig. 8.21. Staining with methylene blue 


8.7.1.3 Prestained Slides 


Two products are available commercially that dif- 
fer in terms of staining procedure and color quality. 


Testsimplets Stain. The slides are uniformly coated 
with methylene blue and cresyl violet acetate, 
which provide a very high-quality stain with excep- 
tional nuclear transparency, which is critical for the 
diagnosis and grading of malignancy. 


Procedure 

> Centrifuge the fresh or preserved urine. 

» Transfer a drop of the sediment to a cov- 
erslip. 

> Hold a slide over the sediment with the stain- 
coated side down; capillary forces will draw the 
sediment onto the slide (Fig. 8.22). 


Coverslip with sediment 


£ “ Stain-coated slide 
i (Testsimplets) 


Fig.8.22. Staining with a prestained microscope slide 
(Testsimplets) 
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Note: 

— Primary application of the sediment to a cover- 
slip is necessary for uniform staining. 

— Erythrocytes take little or no stain. This helps 
clear the field of red cells when gross hematuria 
is present, but it is disadvantageous for the eval- 
uation of erythrocyte morphology. 

— The specimens can be stored for up to 12 hina 
moist environment (refrigerated, covered Petri 
dish); permanent filing is not possible. 

— Staining with Testsimplets is at least equivalent 
in quality to Papanicolaou staining. 


Sangodiff Stain. Sangodiff stain is applied after air- 
drying, so exact procedures and results will vary. 


Procedure 

Centrifuge the fresh or preserved urine. 
Transfer the sediment to the slide. 

Air-dry the sediment or “running drop.” 

Fix in methanol. 

After drying (5-10 min), the slide can be fur- 
ther processed at once or stored for up to 24 h 
for later processing. 

> Apply the buffer solution and staining film. 
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Note: 

— The stain does not dissolve uniformly and cre- 
ates a mobile background with floating dye par- 
ticles that should not be mistaken for bacteria. 

— Primary air-drying creates drying artifacts in the 
urothelial cells; these should be taken into ac- 
count when the specimen is evaluated. 

— Though inferior to other rapid stains in color 
quality, Sangodiff does allow for the permanent 
filing of slides by removing the stain film and ap- 
plying a mounting medium. 


8.7.1.4 Giemsa Rapid Stain 


Giemsa staining is performed on air-dried smears. 
The staining solution is composed of methylene 
azure (thionin derivative responsible for the 
Romanowski effect, i.e., the affinity of certain cell 
constituents for azure red), methylene violet, 
methylene blue, and eosine dissolved in methanol 
and glycerine. It is best to use standard solutions 
that are commercially available. 


Procedure 

> Fix the air-dried smear (see Sect. 8.4.2) in abso- 
lute alcohol for 30 min or in anhydrous methyl 
alcohol for 5-10 min, then air-dry; do not rinse. 

> Next (within 24 h) lay the slides flat on a stain- 
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ing rack (see Sect. 8.2) with the coated side up 
and stain with freshly prepared, diluted Giemsa 
solution (see below). The staining solution is 
dripped onto the slides and should cover them 
completely. 

> After 20-30 min, rinse the staining solution off 
the slides with a squeeze bottle of neutral dis- 
tilled water or phosphate buffer at pH 7.2 (do 
not tilt slides; direct the jet from the side). 

> After rinsing, clean the uncoated undersurface 
of the slides with a dust-free cloth to avoid trou- 
blesome superimpositions during microscopic 
examination. 

» Tilt the slides for air-drying. 

> The specimen can be evaluated now or after 
mounting with corbite balsam (see Sect. 8.7.3). 
If unmounted specimens are examined with an 
oil-immersion system (100 x), the oil should not 
be removed mechanically with a cloth but by 
rinsing briefly in xylene. Unmounted slides can 
be filed by storing in a dark container. 


Note: 

— Like acidic water, glass surfaces that carry acidic 
contaminants (e.g., fingerprints) will degrade 
the quality of the Giemsa nuclear stain. Separate 
glassware should be kept specifically for Giemsa 
staining. 

— The staining ability of the Giemsa solution is sub- 
ject tovariations, so the correct dilution ratio (see 
below) should always be checked before use. 

— Ifthe staining solution is too concentrated, if the 
staining time is too long, or if the smears are too 
thick, the nuclei will appear clumped and fea- 
tureless. 


Preparation of Giemsa Working Solution 

— Filter the stock solution. 

— Dilute 1:1 with buffered distilled water at pH 7.2 
(1 drop stain to 1 ml water). 

— When mixing, do not swirl the vessel any longer 
or more vigorously than is needed to obtain a 
homogeneous mixture, as this might cause pre- 
cipitation of the dyes. 

— The staining solution should be prepared fresh 
for each run and used right away. Clean the ves- 
sels by rinsing with distilled water to avoid acid 
residues that would affect the stain. 
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8.7.1.5 Hemacolor Stain 


The Hemacolor staining set (Merck), consisting of 
a total of four solutions, is an easy-to-use, rapid 
staining procedure that can be used on air-dried 
specimens and allows for permanent filing. 


Procedure 

> Prepare an air-dried smear (see Sect. 8.4.2). 

> Dip the smear five times for 1 s each in fixative 
solution one, then three times in color reagent 
two, and six times in color reagent 3. 

> Rinse briefly in buffer solution (buffer tablets 
are included in the set). 

> Mount if desired (Fig. 8.23). 


Fig.8.23. Hemacolor stain: The air-dried smear is dipped 
five times for 1 s in fixative solution 1, three times in color 
reagent 2, and six times in color reagent 3 before rinsing in 
buffer solution (pH 7.2) 


times indicated 


Color 
| reagent 2 
| (three dips) 
| 


Fixative 
solution 1 
(five dips) 


Staining troughs or cuvets 
should be sealable 


Dip air-dried smear (about 15) 
in solutions 1-3 the number of 
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8.7.2 Differential Stains 


8.7.2.1 May-Grünwald/Giemsa (Pappenheim) 
Stain 


The combined May-Griinwald/Giemsa stain, 
known also as Pappenheim’s panoptic stain, is used 
in many laboratories owing to its excellent proper- 
ties. Pappenheim staining may be performed in cu- 


vets or on a staining rack. 


Procedure (Staining Rack) 

» Cover air-dried, unfixed smears (see Sect. 
8.4.2) with filtered, concentrated May- 
Griinwald solution (available commercially, 
approx. 0.5 ml) on the staining rack for 3 min. 

> Keeping the slides flat, add an approximately 
equal volume (0.5 ml) of distilled water or 
phosphate buffer pH 7.2 with a pipette, leave 
for 1-2 min. | 

> Do not rinse with water, but tilt to discard ex- 
cess solution, then apply filtered Giemsa work- 
ing solution to the slide and leave for 15- 
20 min. (Preparation of Giemsa solution, see 
Sect. 8.7.1.4). 

> Rinse thoroughly with distilled water or phos- 
phate buffer pH 7.2. Clean contaminants from 
the undersurface of the slide with a moist cloth, 
holding the slide by its edges. 


Rinse in pH 7.2 buffer 
solution and let dry 


Color 
reagent 3 
(Six dips) 


Water at 
pH 7.2 
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» Plate the tilted slide on filter or blotting paper 
to dry. 
> Mount if desired. 


Procedure (Cuvets): 

> Air-dry the smears. 

> Fix in methanol for 5 min. 

> Place in May-Grünwald solution for 5 min. 

> Rinse 2 min in distilled water. 

» Place in diluted Giemsa solution (1 part Giemsa 
solution, 10 parts distilled water) for 15 min. 

> Rinse with distilled water, removed dye 
residues from bottom of slide with a moist cloth. 

> Dry. 


8.7.2.2 Szczepanik Stain (Cytocolor) 


The rapid cytologic stain developed by Szczepanik 
(Cytocolor, Merck) is performed with modified 
Papanicolaou solutions and approximates the ap- 
pearance of a Papanicolaou stain. The alcohol- 
stained specimens are not susceptible to air-drying 
artifacts, and the total staining time is a fraction of 
that in the original Papanicolaou method. 


Procedure 

> Wet-fix the slide, coated with the cellular mate- 
rial (see Sect. 8.5), by spray fixation or alcohol 
immersion (propanol-2). 

> After dipping in distilled water (10s), place the 
specimen in modified hematoxylin solution for 
60s. 

> Rinse in running water for 5 s, dip in propanol-2 
for 2 s, then place into second staining solution 
(modified polychrome) for 60s. 

> After cell-preserving dealcoholization and be- 
fore mounting, immerse for 5 s in distilled wa- 
ter and twice for 5 s in propanol-2 solution. 


8.7.2.3 Papanicolaou Stain 


The Papanicolaou stain has become the standard 


stain not just in gynecologic cytology but in urinary 
cytology as well. The staining procedure is techni- 
cally more complex than the methods described 
above but yields results of outstanding quality. 
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Procedure 

> Papanicolaou staining must be preceded by wet 
fixation (not air-drying) of the specimen (see 
Sect. 8.4.2). The initial step of the Pap staining 
procedure depends on whether the specimen 
has been fixed with a spray fixative or by im- 
mersion. The fixation method should be noted 
if the specimen is dispatched to a cytology labo- 
ratory. 

> Ifthe specimens are still wet in the fixative solu- 
tion, put them through a descending alcohol se- 
ries to distilled water; immerse for 30 s in 70%, 
50%, and 30% ethanol. If the smears are al- 
ready fixed and dry, place them directly in dis- 
tilled water. If they are coated with polyethy- 
lene glycol (spray fixative), first dissolve the 
film in 30% ethanol for 30-60. 

> Rinse for 30s in distilled water. 

» Place in Harris hematoxylin for 2 min (Pap 
soln. I). It is important to shorten this step (nor- 
mally 3-5 min), because hematoxylin must 
imart the nuclear stain crucial for oncologic 
urine cytology without overstaining (apparent 
hyperchromasia). 

> Rinse for 30s in distilled water. 

» For differentiation, one or two dips in 0.25% 
aqueous hydrochloric acid solution (concen- 
trated HCI diluted approximately 1:400). This 
dissolves reddish-brown stain clouds. 

> Rinse and blue 5 min in running tap water (e.g., 

overflowing cuvet). Warm water will accelerate 

the process. 

Since the next step again uses alcoholic dyes, 

dehydrate the specimens in ascending alcohols. 

Immerse in 50%, 70%, 80%, and 95% ethanol 

for 30s each. 

Stain for 3 min in orange G solution (Pap soln. 

IT). 

Rinse in 96% ethanol, immersing the slides in 

two different cuvets for 30 s each. 

Stain for 3 min in polychrome solution (Pap 

soln. III). Several variants of polychrome solu- 

tion are available, but they do not differ signifi- 
cantly in their staining properties. EA 50 is 
widely used. 

> Rinse again in 96% ethanol, using two different 
cuvets (30s each). 

» Place 1 min in a 1:1 mixture of ethanol (96% ) 
and xylene. | 

> Rinse 2 min in xylene, then mount if desired. 
Water clouds xylene and makes it unusable, so 
replace xylene as needed. 
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8.7.3 Mounting After Staining 


Mounting establishes a permanent seal between 
the stained and dried slide and the coverslip. It pro- 
tects the cellular material from drying, mechanical 
damage, and wear. 

Mounting is simple but not mandatory. Even in 
oil-immersion microscopy, a specimen designated 
for filing can be cleaned by brief immersion in xy- 
lene, obviating the need for mechanical cleaning of 
the slide with a cloth. Even an unmounted speci- 
men has sufficient storage life for filing, provided it 
is kept in a dark container to prevent fading. 


Mounting Technique 

The adhesive, transparent corbite balsam mount- 
ing medium (e.g., Eukitt, Merckoglas, Hico-Mic) is 
spread onto the coverslip in streaks using a small 
wooden spatula. Immediately the coverslip is in- 
verted and placed over the specimen on the slide. 
At this time the edge of the slide should be placed 
against blotting or filter paper and gentle pressure 
applied to express fine air bubbles from the sample 
area. 

After brief drying (about 10 min), the specimen 
can be evaluated. It should be dried thoroughly for 
about 2 days before filing, however; otherwise the 
mounted slides may stick together. 


8.8 Review of Cytopreparatory 
Techniques 


The use of two urine samples can be helpful but is 
not essential. The initial processing steps may be 
performed separately or combined, depending on 
the preferences and requirements of the user. 
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Urine 


First sample: immediate (instant) cytology for bedside 
diagnosis 


Rapid stain (see Sect. 8.6.1) 
Second sample: second-look cytology 


Differential permanent stain 


Cell concentration 


Dispatch (reference cytology) 
As required . 7: | 
Documentation (filing) 


Deferred rapid stain 


Various options exist with regard to processing ofthe second 
sample 


Option 1 


Urine fixation/preservation (see Sect. 8.4.1) 


Later rapid stain 
- Later differential stain 


Dispatch (reference cytology) 


Option 2 


Slide fixation (see Sect. 8.4.2) 
Alcohol fixation 


Staining 


Dry fixation 


Staining 


Giemsa 


Pappenheim Papanicolaou 


Hemacolor 


can be filed and are suitable for dispatch. 


Szczepanik 


Option 3 

Compact system with centrifuge-independent cell 
recovery and simple, permanent staining (Carcyt 
U1 capillary suction system). The individual com- 
ponents can be used separately and “mixed and 
matched” as desired. The system has not yet been 
clinically tested. 


Working Techniques in Urinary Cytology 
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9.1 General Introductory Remarks 


9.1.1 What Magnification Should Be Used? 


Screening at x 100 magnification (x 10 eyepiece, 
x 10 objective) is appropriate for the identification 
of highly cellular areas on the microscope slide. 
Often this is unnecessary, however, if a recovery 
technique has been used that concentrates the cel- 
lular material onto a well-defined area of the slide 
that is easily located using the coordinates on the 
microscope stage (see Sect. 8.5). 

A magnification of x 400 (x 10 eyepiece, x 40 ob- 
jective) is generally adequate for a reasonably 
prompt and effective urinary cytologic analysis. 
An oil-immersion objective of x 40 magnification 
is advantageous for bringing out details but is not 
essential. One disadvantage of this method is that 
specimens must be subsequently cleaned with 
cloths or xylene for permanent filing. 

A magnification of x 630 (x 10 eyepiece, x 63 ob- 
jective) or x 1000* (x 10 eyepiece, x 100 objective) 
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can be useful in cases requiring the comparison of 
specific cells. This must be done using the oil-im- 
mersion technique. 


9.1.2 Magnifications Used in 
the Atlas Figures 


In the great majority of figures contained in the at- 
las section, the relevant cell structures are shown at 
magnifications of both x 400° and x 1000”. This is 
done first because of the reduction effect of repro- 
ducing the x 400 photomicrographs on the printed 
page (the microscope image is perceived as larger 
due to the projection factor) and second because 
we wished to provide a high-power view that would 
detail the essential structural features of the cellu- 
lar changes. 


9.1.3 Selection of Stains 


Most of the specimens shown in the atlas were 
stained by the Papanicolaou method, which is the 
worldwide standard for urinary cytology and is 
excellent for permanent filing. Use of the 
Papanicolaou stain enabled us to select from more 
than 25 000 urinary cytologic examinations per- 
formed over a period of more than 5 years. 
Alternative staining methods, especially rapid 
stains for immediate analysis (see Chap.8), have 
been integrated into the illustrative materials. 

It is important to note that alcoholic stains 
(Papanicolaou, Cytocolor), rapid stains with 
methylene blue or Testsimplets, and Carcyt are 
qualitatively different from stains used on air-dried 
specimens (Giemsa, Pappenheim, May-Grünwald- 
Giemsa, Hemacolor, Sangodiff). It is best, there- 
fore, to use stains from just one of these two cate- 
gories (with or without air-drying; see Chap.8) so 
that the eye will not have to continually readjust to 
different staining properties during cytologic eval- 
uations. For completeness, the principal differ- 


ences between air-dried and non-air-dried speci- © 


mens are described in Sect. 9.2. 


“For typographic reasons, the photomicrographs in this 
book were reduced by 15% relative to the magnification fac- 
tor indicated. 
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9.1.4 Organization of the Atlas 


9.1.4.1 Importance of Comparisons 


Urinary cytology is a descriptive method based on 
the comparison of observed cytomorphologic fea- 
tures. For optimum clarity, therefore, we have not 
only organized the atlas by clinically relevant 
groups of indications but have also included com- 
parative findings that will be particularly useful in 
the sections on normal findings and neoplastic 
changes in the urothelium. Thus, the section on the 
Normal Urothelium includes examples of urothe- 
lial carcinomas, while the sections on Urothelial 
Tumors include normal findings, dysplasias, as well 
as carcinoma of higher or lower grades of differen- 
tiation. The repetition of some illustrations will aid 
the atlas user in “reading the specimens” without 
having to leaf back and forth through the text. 


9.1.4.2 Presentation of Findings According 
to Clinical Relevance 


In accordance with the clinical role of urinary cy- 
tology as discussed in Chap.2, we have compiled 
the atlas in such a way that: 


— Little attention is given to rare findings. 

— Common findings are given extensive coverage. 

— The figures are presented in clinically relevant 
cytologic diagnostic groups: 

@ Normal urinary cytologic findings 

@ Suspicious findings requiring further investiga- 
tion or close follow-up 

@ Positive urinary cytologic findings 


The physician active in urinary cytology should 
bear in mind that the urothelial cell does not react to 
internal and external stimuli with amorphologically 
differentiated response but with a limited and undif- 
ferentiated number of morphologic changes. 

Reactive changes caused by endogenous factors 
such as stones or infection and by external manipu- 
lations (e.g., instillations and retrograde irriga- 
tions) can mimic neoplastic changes. Because there 
are no special stains or immunocytologic proce- 
dures that can reliably distinguish among these 
changes, allowance must be made for this lack of 
differentiated cell response. Although this natural- 
ly reduces the percentage of “unequivocal” normal 
and pathologic findings, there remains a clinically 
relevant yield of positive findings that will influence 
further diagnostic and therapeutic procedures. 
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We therefore selected illustrative specimens 
that would enable the cytologist to assign findings 
to the clinically relevant diagnostic groups (nor- 
mal/suspicious/ positive). 


9.2 Comparison of Different Stains 


In this section we shall present examples showing 
how different stains can affect the appearance of 
cytologic specimens. (Specific tumor characteris- 
tics are discussed in later sections, and details on 
cytopreparatory techniques are given in Chap.§8.) 
All the specimens were obtained from patients 
with a moderately differentiated (grade 2) urothe- 
lial carcinoma. 


9.2.1 Effect of Air-Drying 


Category I: stains used on non-air-dried 
Specimens: 

Papanicolaou, Cytocolor, Testsimplets, methylene 
blue, Carcyt-U1. 


Category IT: stains used on air-dried specimens: 
Giemsa, May-Griinwald-Giemsa, Pappenheim, 
Hemacolor, Sangodiff. 

With the alcoholic Papanicolaou stain, the dehy- 
drating effect of the alcohol causes a cell shrinkage 
that also affects the nucleus, which of course is crit- 
ical for the diagnosis and grading of malignancy. 
This is also true of Cytocolor stain but not of the 
other rapid stains in category I, which, though used 
on non-air-dried specimens, do not employ alco- 
hol. 

With all the stains in category II, air drying caus- 
es significant nuclear enlargement, and an examiner 
accustomed to the Papanicolaou technique will de- 
scribe these nuclei as “swollen” or “expanded.” 
The cells appear spread out like a “fried egg” 
(Lopez-Cardozo 1976). This accounts for the clear 
definition of the chromatin pattern even in small 
cells. While the remaining cytodiagnostic criteria 
are the same for both categories of stain (see Table 
9.1), there is a significant difference in the appear- 
ance of the chromatin pattern. 
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Table 9.1. Differences in the appearance of chromatin 
stained with an alcoholic stain (e. g., Papanicolaou) and after 
air-drying (e. g., Giemsa). Other essential malignant criteria 
(shape of the nucleoli, size and shape of the nuclei, ratio of 
nucleolar to nuclear size) appear besically the same after 
Papanicolaou and Giemsa staining (modified from Beyer- 
Boon 1979) 


Chromatin appearance in atypia (dysplasia) 
Papanicolaou stain Giemsa stain (etc.) 


Slightly prominent nuclear Clear areas in dark nuclei 


membrane 


Slight chromatin condensation No loose chromatin pattern 


Chromatin appearance in malignancy 


Papanicolaou stain Giemsa stain (etc.) 
Very prominent nuclear Loose chromatin pattern 
membrane 


Chromatin condensation Broad, irregular dark bands 


Irregular distribution Granulated chromatin 


of chromatin 
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Table 9. 2. Different appearances of nuclear structures of 
comparable malignancy following Papanicolaou and MGG 
staining (after Beyer-Boon 1979) 


A Chromatin pattern of Papanicolaou-stained abnormal 
urothelial cells. a Nuclei of atypical cells. Slightly prominent 
nuclear membrane and slightly coarse chromatin. 
b Malignant cells with very prominent nuclear mem- 
brane, clumping and irregular distribution of chromatin. 
c Malignant cells with chromatin particles of markedly vary- 
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ing size. d Small malignant nuclei with very prominent nucle- 
ar membrane and unfavorable nucleolar-nuclear ratio. 
e Giant nucleus with very xoarse, irregular chromatin. 
Pronounced hyperchromasia. B Chromatin pattern of 
MGG-stained abnormal urothelial cells. a Nuclei of atypical 
cells. Lighter areas in the dark nucleus (left). Completely 
dark nucleus (right). b Loose or “open” chromatin pattern 
of malignant cells. c Granulated chromatin of a malignant 
cell. d Broad, irregular dark chromatin bands in malignant 
cells 


A Papanicolaou 


B MGG 
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Fig.9.1a,b. Testsimplets stain gives excellent transparency 
of the nucleus, which is critical for the assessment of malig- 
nancy. The reticulated background is caused by the stain 
coating on the slide and does not hinder interpretation 
(x 850) 


Fig.9.2. Methylene blue stain. Noting that cells are often > 
overstained at sites where the dye is in direct contact with the 
sediment, the examiner should interpret adjacent areas that 

are correctly stained (x 850) 
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Fig.9.3. Hemacolor stain is an easy-to-use stain for air-dried 
specimens; it allows for storage and permanent filing (x 850) 


Fig.9.4a, b. Carcyt system. Cellular material that has been 
concentrated by the capillary filter suction technique can be 
stained with the rapid stain supplied with the system or with 
any commercially available stain (x 850) 
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Fig.9.5. Sangodiff stain is a rapid stain applied as a film to 
the air-dried specimen, which then can be permanently filed 
(x 850) 


Fig.9.6. Papanicolaou stain, the standard stain for urinary 
cytology, yields excellent results with high definition of nu- 
clear detail (x 850) 


Fig.9.7. Sediment stain (Sedicolor). Commercially avail- > 
able sediment stains are unsatisfactory for oncologic urinary 
cytology, as illustrated by this specimen from a patient with a 
grade 2 urothelial carcinoma. They are acceptable for other 
types of microscopic urinalysis (infection, erythrocyte mor- 
phology, quantitative evaluation of leukocyturia and hema- 
turia) (x 850) 
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9.3 The Normal Urothelium 


Normal human urothelial tissue is composed of 
seven layers. The deepest layer consists of the 
“basal cells,” which are firmly attached to the base- 
ment membrane and are the smallest of the urothe- 
lial cells (see Chap.7). Because of their size, the 
basal cells can be difficult to distinguish from leuko- 
cytes that do not exhibit marked segmentation. 
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The most superficial layer consists of large, often 
multinucleated cells, each of which stretches over 
several underlying intermediate cells. They are 
therefore called umbrella or cap cells. The multi- 
nucleation of these superficial cells illustrates the 
fact that multinuclearity is not a criterion for malig- 
nancy in oncologic urinary cytology. 
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< Fig.9.8a,b. Morphologic diversity of normal urothelial cells 


collected in urinary tract washings. This field contains larger, 
multinucleated umbrella cells along with many smaller cells 
originating from deeper urothelial layers. These cells fre- 
quently have an oblong shape caused by their sin-gle-point 
attachment to the basement membrane (x 340; Papa- 
nicolaou stain). c High-power view demonstrates the finely 
granular nuclear chromatin pattern and normal-size nucleoli 
(< +) (x 850; Papanicolaou stain) 
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Fig.9.9a, b. Normal urothelial cells together with segment- 
ed leukocytes (<- +) and erythrocytes (@). All the urothe- 
lial cells have finely granular nuclear chromatin with good 
nuclear transparency (i.e., it is easy to see through the nu- 
cleus, with or without focusing). Decreased nuclear trans- 
parency signifies a pathologic chromatin increase, which is 
an important criterion for the diagnosis of malignancy 
(a x 340; b x 850; Papanicolaou stain) 
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Figs.9.10 a,b and 9.11a,b. Normal urothelial cells with nor- 
mal-appearing nuclei. An important criterion is the regular 
shape of the nuclei, i.e., they are uniformly round or follow 
the external shape of the cell. Also, there is normal nuclear 
transparency (9.10 a and 9.11 a, x 340; 9.10 b and 9.11b, 
x 850; Papanicolaou stain) 
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Comparison with Abnormal Findings 


Fig.9.12 a, b. Cells from a well-differentiated urothelial car- 
cinoma (grade 1) contrast with normal cells by their thick- 
ened nuclear membrane (<-) and prominent nucleoli (<4 <4). 
Thickening of the nuclear membrane is caused by a chro- 
matin increase. The presence of multiple nuclei is not a cri- 
terion of malignancy. (a, x 340; b, x 850; Papanicolaou stain) 
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9.13 


9.14 


Fig.9.13a, b. Dysplasia secondary to urolithiasis. Cytologic 
changes with nuclear enlargement (increased nuclear-cyto- 
plasmic ratio; <- <+) and a slightly prominent nucleolus (4) 
raised suspicion of grade 1 urothelial carcinoma. Cystoscopy 


and uroradiology showed no evidence of a urothelial tumor, - 


but a stone was detected. This case illustrates that mild dys- 
plasias like those caused by urolithiasis cannot be reliably 
distinguished from well-differentiated neoplasia (a, x 340; b, 
x850; Papanicolaou stain) 
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Fig.9.14a, b. Moderately differentiated urothelial carcino- 
ma (grade 2) is marked by an enlarged nucleus with pro- 
nounced hyperchromasia and chromatin clumping (+ <+) 
alongside normal urothelial cells (<<). Note segmented 
leukocytes in b (x 850; Papanicolaou stain) 
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9.4 Important Cytologic Differential 
Diagnoses and Pitfalls 


In this section we shall look at important differen- 
tial diagnoses and pitfalls that may be encountered 
in urinary cytology, both separate from and in con- 
nection with oncologic investigations. 

Itis important for the cytopathologist to read the 
specimens with a maximum information yield, es- 
pecially when supplementary clinical findings are 
unavailable. In this way the cytopathologist can 
sometimes diagnose conditions that are missed by 
routine clinical evaluation. This is illustrated by 
urinary tract fungal infections which do not grow 
on conventional culture media but are easily diag- 
nosed by cytologic examination. 

Whenever there is cytologic suspicion of carci- 
noma, the possibility of a simple reactive cell 
change should be considered. The differential di- 
agnosis should include, for example, urinary tract 
infections with a typical “infectious” cell pattern as 
well as calculi, which may be accompanied by crys- 
talluria. 

Some specimens may show evidence of artifacts 
caused by a faulty examination technique (e.g., hy- 
poosmolar irrigating solution) or improper preser- 
vative measures (e.g., cytolysis) that likewise must 
be considered during interpretation. 


Fig.9.15a, b. Normal urothelial cells. a, x 340; b, x 850; 
Papanicolaou stain 


Normal Urothelial Cells 
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Fig.9.16a, b. “Sterile” leukocyturia 4 weeks after TUR with 
normal urothelial cells (a, x 340; b, x 850; Papanicolaou stain) 


Fig.9.17a, b. Mild dysplasia with slight prominence of the 
nuclear chromatin. A reactive etiology is evidenced cyto- 
logically by erythrocyturia and leukocyturia. Clinically the 
patient had a ureteral stone (a, x 340; b, x 850; Papanicolaou 


stain) 


Atlas Section 
Bacterial and Fungal Infections 


Normally the urine is devoid of microorganisms. 
Their presence in a microscopic specimen may rep- 
resent a true pathologic finding or may result from 
iatrogenic contamination (faulty collection tech- 
nique, contaminated transport vessels). The ab- 
sence of typical inflammatory cells (leukocytes) 
implies an iatrogenic cause. 


Fig.9.18a, b. Typical infectious pattern (a) and physiologic 
Döderlein contamination (b) in a female. Déderlein’s bacilli 
are finer and more elongated than the smaller and plumper 
coliforms. They are usually accompanied by numerous squa- 
mous epithelial cells, and typical infectious signs such as 
leukocytic infiltration are absent (a, x 340; b, x 850; 
Papanicolaou stain) 
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Fig.9.19a—c. Infection mimicking neoplasia. A severe infec- 
tion with marked leukocyturia and bacteriuria (a) can cause 
mild dysplasias or signs suggesting a well-differentiated 
urothelial tumor (b, <-) or more severe reactive changes. c 
Pleomorphic, slightly hyperchromatic nuclei (<) along with 
degenerative cells with a vacuolated cytoplasm (<<). 
These suspicious findings at least warrant follow-up after the 
infection has been cured (x 850; Papanicolaou stain) 
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Fig.9.20a, b. Fungal infection. Fungi are easier to identify 
morphologically than bacteria. Because of their rapid divi- 
sion, they commonly appear in characteristic aggregates 
as yeast structures with filamentous hyphae. The indi- 
vidual buds or spores (4 4) are smaller and more elliptical 
than erythrocytes (<-) and have thicker walls (x 340; 
Papanicolaou stain) 
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Cellular Changes Caused by External Manipulations 


Fig.9.21 a, b. Hyperosmolar irrigating solutions. As a result ar-cytoplasmic ratio. The swollen nuclei are distinguished 
of osmotic processes, the use of hypoosmolar fluids (e.g., by their uniformity and indistinct margins. The nuclear 
cystoscopy with distilled water) causes a nuclear swelling chromatin has a “diluted” hypochromatic appearance 
that must not be mistaken for a pathologically altered nucle- (a, x 340; b, x 850; Papanicolaou stain) 


Fig.9.22a,b. Overlapping cells mimicking hyperchromasia. masia). Generally these cell clusters occur in isolation with 
A cystoscopic or catheterized urine sample may contain an otherwise normal-appearing general cytologic pattern 
clusters of overlapping cells, causing a loss of transparency (a, x 340; b, x 850; Papanicolaou stain) 


that resembles an abnormal chromatin increase (hyperchro- 


Atlas Section 101 


Fig. 9.23a-d. Cellular changes caused by contrast medium. is common to see cytoplasmic vacuolation with the forma- 
When urine cytology is performed immediately after intra- tion of “foam cells” (a and c, x 340; b and d, x 850; 
venous urography (a, b) or retrograde pyelography (c, d), it Papanicolaou stain) 
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Fig.9.24a, b. Cytolysis caused by improper preservation or 
fixation. The erythrocytes are a reliable indicator of the ade- 
quate preservation or fixation of a urine sample, for they are 
the most sensitive of the urinary corpuscular elements (“in- 
ternal quality control”). Their destruction (+ <+) will be ac- 
companied by degenerative cytoplasmic changes in the 


Fig.9.25 a, b. Findings in a patient with external urinary di- 
version. Any instrumental manipulation of the urinary tract 
(e.g., suprapubic/transurethral catheterization, internal 
splintage) will cause profound morphologic reactions that 
can make cytologic evaluation impossible. This specimen 
contains urothelial cells (<-) that exhibit prominent nucleoli, 
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urothelial cells. Increased nuclear staining due to protein de- 
naturation (@) can simulate pathologic hyperchromasia. 
Conversely, intact erythrocytes and degenerative urothelial 
cells indicate satisfactory preservation (x 850; Papanicolaou 
stain) 


a prominent nuclear envelope (4), and slight nuclear en- 
largement (altered nuclear-cytoplasmic ratio), suggestive of 
well-differentiated carcinoma, just 1 day after a suprapubic 
diversion (a, x 340; b, x 850; Papanicolaou stain) 
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Fig.9.26a, b. Staining artifacts. Dye particles, so-called 
“keratohyaline bodies” («+ +), projected onto the nucleus 
must be differentiated from nucleoli. Usually these bodies 
are scattered over an area transcending the nuclear bound- 
aries (a, x 340; b, x 850; Papanicolaou stain) 


Fig.9.27a, b. Lithiasis simulating neoplasia. Stones can alter > 
the appearance of single cells or whole cell clusters, making 
them indistinguishable from well-differentiated tumor cells. 
This figure shows enlarged nuclei with some structural di- 
versity (a) and prominent nucleoli (b,@) (a, x 340; 

b, x 850; Papanicolaou stain) 
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9.5 Urothelial Tumors 


The cells that are shed (exfoliated) from well-dif- 
ferentiated urothelial tumors exhibit few if any of 
the recognizable morphologic criteria of malignan- 
cy. This phenomenon, which has been referred to 
as the “lack of pathoanatomy in the individual cell” 
(Riibben et al. 1989), is the reason for the low, ap- 
proximately 50% accuracy rate of urinary cytology 
in the detection of these neoplasms (Esposti et al. 
1978; Murphy et al. 1986; Koss et al. 1985). 

At the same time, well-differentiated urothelial 
carcinomas are rarely invasive in their growth and 
are easily diagnosed by endoscopy, so the relative- 
ly poor sensitivity of conventional urinary cytology 
does not have major clinical significance (Rübben 
et al. 1989). It is significant, however, that moder- 
ately differentiated (grade 2) carcinomas can be de- 
tected with a sensitivity of 65%-80% while poorly 
differentiated (grade 3) carcinomas are detected 
with 85%-95% sensitivity (Jakse etal. 1980; 
Murphy et al. 1986; Esposti et al. 1978; Rübben 
et al. 1989). 

Thus, if a urinary cytologic specimen is declared 
normal, there is about a 50% chance that a well- 
differentiated carcinoma has been missed. It is 
more clinically significant, however, that a moder- 
ately differentiated carcinoma can be excluded 
with approximately 80% confidence and a poorly 
differentiated carcinoma with greater than 90% 
confidence (see Chap. 2). 

It is also noteworthy that dysplasia without 
pathologic significance can simulate the changes 
associated with a well-differentiated carcinoma 
(Jakse et al. 1986). Cancer can also be mimicked by 
reactive changes induced by infection (often rec- 
ognizable by an accompanying general inflamma- 
tory pattern) or possibly by lithiasis. 

The pathologic significance of moderately and 
poorly differentiated dysplasias, whose cytologic 
appearance is indistinguishable from that of mod- 
erately and poorly differentiated malignancies, is 


discussed in a separate chapter (see Chap. 6). Since . 


the corresponding cytologic picture is always an in- 
dication for further investigation by endoscopy 
and biopsy, which ultimately will determine the 
choice of treatment, the lack of differentiating cri- 
teria for dysplasias and carcinomas is of only minor 
importance. 
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9.5.1 Well-Differentiated Urothelial Tumors 
(Grade 1) 


The micrographs presented in this section will il- 
lustrate that the difference between normal find- 
ings, well-differentiated carcinomas, dysplasias, 
and reactive changes is one of degree only. They 
also illustrate, through pictorial comparisons, the 
conspicuous features that differentiate these 
changes from higher-grade carcinomas. 
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Fig.9.28a, b. Well-differentiated urothelial carcinoma creased nuclear-cytoplasmie:ratio. True hyperchromasia is‘ 
(grade 1). The cells exhibit a fine chromatin pattern with absent but is simulated by overlapping nuclei (4) or imper- 
minimal thickening of the nuclear membrane (<- <). The fect focusing (a, x 340; b, x 850; Papanicolaou stain) 


most conspicuous criterion of this grade 1 tumor is the in- 
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Fig.9.29a, b. Well-differentiated urothelial carcinoma 
(grade 1) with slightly enlarged nuclei and slight clumping of 
the nuclear chromatin (< <) (a, x 340; b, x 850; Papa- 
nicolaou stain) 
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Fig.9.30a, b. Well-differentiated urothelial carcinoma Fig.9.31a, b. Well-differentiated urothelial carcinoma 
(grade 1) with minimally enlarged nuclei and slight promi- (grade 1) with slightly coarse chromatin and slight promi- 
nence of the nuclear membrane (4). The very subtle mor- nence of the nuclear membrane (<- <+): Leukocytic infiltra- 
phologic changes illustrate the uncertainty inherent in the tion (<<) without bacteriuria (“sterile leukocyturia”) may 
cytodiagnosis of grade 1 tumors (a, x 340; b, x 850; be seen with urothelial tumors, lithiasis, or after TUR, so a 


Papanicolaou stain) reactive etiology of the cellular changes should be consid- 
ered (a, x 340; b, x 850; Papanicolaou stain) 
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Figs.9.32 and 9.33. Well-differentiated urothelial carcino- 
mas (grade 1) demonstrated with rapid stains (Fig. 9.32 
methylene blue; Fig. 9.22 Testsimplets). Both specimens show 
marked prominence of the nuclear membrane. The nuclei 
are significantly larger than in Papanicolaou-stained speci- 
mens (e.g., Figs. 9.28-9.31) due to lack of alcohol-induced 
dehydration and cell shrinkage (x 850) 


Comparison with Other Findings 


Fig.9.34a, b. Normal urothelial cells (a, x 340; b, x 850; 
Papanicolaou stain) 
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Fig.9.35 a, b. Moderately differentiated urothelial carcino- 
ma (grade 2) with a markedly altered nuclear-cytoplasmic 
ratio, slight coarseness and clumping of the nuclear chro- 
matin (+ +), and a prominent nuclear membrane (a, x 340; 
b, x 850; Papanicolaou stain) 


Fig.9.36a, b. Poorly differentiated urothelial carcinoma 
(CIS, grade 3) with massive leukocytic infiltration (<4 <4) 
and pathologic urothelial cells («— <) (a, x 340; b, x 850; 
Papanicolaou stain) 
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9.37 


Figs.9.37a,b and 9.38a,b. Tumor-mimicking dysplasia in 
urolithiasis. Although the primary cytologic impression was 
grade 1 carcinoma, endoscopy and uroradiology confirmed 


i eane b 
9.38 


the absence of a tumor and the presence of urolithiasis 


(9.37 a and 9.38 a, x 340; 9.37 b and 9.38 b, x 850; Papa- 
nicolaou stain) 
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9.5.2 Moderately Differentiated Urothelial 
Tumors (Grade 2) 


Fig.9.39a, b. Moderately differentiated urothelial carcino- 
ma (grade 2). Leukocytes and erythrocytes surround tumor 
cells showing mild hyperchromasia, markedly pathologic 
nucleoli (<~ <+), and a prominent nuclear membrane (4) 
(a, x 340; b, x 850; Papanicolaou stain) 


Fig.9.40a, b. Moderately differentiated urothelial carcino- 
ma (grade 2). Besides increased chromatin (hyperchromasia 
with reduced nuclear transparency) and prominent nucleoli 
(<4 4), the malignancy criterion of nuclear pleomorphism is 
particularly well demonstrated in this specimen (a, x 340; b, 
x 850; Papanicolaou stain) 
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Fig.9.41a, b. Moderately differentiated urothelial carcino- 
ma (grade 2). Very cellular specimen collected by irrigation 
cytology. There is conspicuous alteration of the nuclear-cy- 
toplasmic ratio (large nuclei), a prominent nuclear envelope 
(<), and large nucleoli (<4 €) (a, x 340; b, x 850; Papanico- 
laou stain) 


Fig.9.42a, b. Moderately differentiated urothelial carcino- 
ma (grade 2) with enlarged, slightly pleomorphic nuclei and 
some prominent nucleoli (+) (a, x 340; b, x 850; Papanico- 
laou stain) 
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Fig.9.43a—c. Moderately differentiated urothelial carcino- 
ma (grade 2) with instant stain. Specimens seen in a and b 
were stained with Testsimplets (color differences due to dif- 
ferent photographic filters) and c with methylene blue. Since 
dehydrating alcoholic stains were not used, there is no 
shrinkage of the diagnostically critical nuclei. Especially in 
b, there is excellent nuclear transparency with the malignan- 
cy criteria of a prominent nuclear membrane, a slightly al- 
tered nuclear-cytoplasmic ratio, and nuclear pleomorphism 
(x 850) 
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Comparison with Other Findings 


Fig.9.44a, b. Normal urothelial cells (a, x 340; b, x 850; 
Papanicolaou stain) 


Fig.9.45a, b. Poorly differentiated urothelial carcinoma 
(grade 3) with coarsely granular chromatin, hyperchroma- 
sia, a prominent nuclear membrane, and enlarged nucleoli 
(a, x 340; b, x 850; Papanicolaou stain) 
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Fig.9.46a, b. Well-differentiated urothelial carcinoma Fig.9.47a, b. Tumor-mimicking reactive changes in urinary 
(grade 1) with nuclear transparency reduced by mild hyper- tract infection include hyperchromasia (<-) and prominent 
chromasia and slight nuclear pleomorphism (a, x 340; nuclear membranes (44). Although the massive leuko- 
b, x 850; Papanicolaou stain) cyturia and bacteriuria suggest infection, they could very 


well result from the necrotic degeneration of a tumor. These 
cases warrant at least a urinary cytologic follow-up after the 
infection has been cured (a, x 340; b, x 850; Papanicolaou 
stain) | 
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9.5.3 Poorly Differentiated Urothelial Tumors 
(Grade 3) 


Fig.9.48a, b. Poorly differentiated urothelial carcinoma 
(grade 3) with a very pathologic giant nucleus. By “diluting” 
the hyperchromasia, the nuclear enlargement mitigates the 
apparent loss of nuclear transparency (a, x 340; b, x 850; 
Papanicolaou stain) 
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Fig.9.49a, b. Poorly differentiated urothelial carcinoma 
(grade 3) presenting as carcinoma in situ. Typically, en- 
doscopy showed only a slight redness of the urothelium. 
Abundant segmented granulocytes (<4) and tumor cells 
(<). Malignant cell changes include an altered nuclear-cy- 
toplasmic ratio and marked hyperchromasia with chromatin 
clumping (a, x 340; b, x 850; Papanicolaou stain) 
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Fig.9.50a, b. Poorly differentiated urothelial carcinoma ment, nuclear pleomorphism is present as a significant crite- 
(grade 3). Besides hyperchromasia and nuclear enlarge- rion of malignancy (a, x 340; b, x 850; Papanicolaou stain) 


Fig.9.5la, b. Poorly differentiated urothelial carcinoma 
(grade 3). Besides classic tumor cells («+ +), the specimen 
contains cells with a uniformly dark nucleus (<4 <4). Such 
cells should not be interpreted as hyperchromatic, because 
the nontransparency may be caused by cellular degenera- 
tion with protein denaturation resulting in excessive uptake 
of stain. One sign of incipient cellular degeneration is the 
vacuolated condition of the cytoplasm (= <) (a, x 340; 
b, x 850; Papanicolaou stain) 
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Fig.9.52a, b. Poorly differentiated urothelial carcinoma 
(grade 3) stained with Testsimplets (x 850) 


Fig.9.53a, b. Poorly differentiated urothelial carcinoma [> 
(grade 3) with enlarged and pleomorphic nuclei. Due to the 
nuclear size, the hyperchromasia causes little reduction in 
nuclear transparency (a, x 340; b, x 850; Papanicolaou stain) 
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Comparison with Other Findings 


Fig.9.54a, b. Normal urothelial cells (a, x 340; b, x 850; Fig.9.55a, b. Moderate urothelial dysplasia with no endo- 

Papanicolaou stain) scopic or biopsy evidence of carcinoma. Although the nuclei 
do not show classic hyperchromasia with coarse granularity 
and clumping, they appear abnormally dense. This presenta- 
tion cannot be reliably differentiated from carcinoma 
(a, x 340; b, x 850; Papanicolaou stain) 
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Fig.9.56a, b. Well-differentiated urothelial carcinoma 
(grade 1) with slightly enlarged but nonpleomorphic nuclei 
and hyperchromasia (a, x 340; b, x 850; Papanicolaou stain) 
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Fig.9.57a, b. Reactive urothelial changes in lithiasis (mild 
dysplasia). The cells exhibit nuclear enlargement (— <) 
with slight prominence of the nuclear membrane (4 4). 
This finding is cytologically indistinguishable from well-dif- 
ferentiated carcinoma (a, x 340; b, x 850; Papanicolaou 
stain) 
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9.6 Irrigation Cytology of the Upper 
Urinary Tract 


The evaluation of urothelial cells from the upper 
urinary tract, usually collected by irrigation cytolo- 
gy, is made difficult by the reactive cell changes in- 
duced by the manipulation. Frequently the cells 
present the characteristics of highly differentiated 
urothelial tumor cells, creating a potential for 
overgrading or a false-positive interpretation. If 
the diagnosis of well-differentiated bladder tumors 
by urinary cytology is already uncertain, diagnosis 
by retrograde irrigation cytology is virtually impos- 
sible based on the lack of reliable differentiating 
criteria for reactive changes (Koss 1981). 

A multistep technique of specimen collection is 
recommended to improve diagnostic certainty (see 
Sect. 8.3.2, and Fig.8.9). In this technique the ex- 
aminer collects the washings themselves (using an 


Normal Cytologic Findings 


Fig.9.58a, b. Normal urothelial cells in upper urinary tract 
washings. The slight prominence of the nuclear membrane 
and especially of the nucleoli («— +) is anormal response to 
the irritation of the collection procedure. The slightly vacuo- 
lated cytoplasm (<4) is also typical (a, x 340; b, x 850; 
Papanicolaou stain) 
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isotonic solution to avoid additional hypo- or hy- 
perosmolar cell changes) after first obtaining a 
sample of bladder urine and a sample from the ret- 
rograde-catheterized urothelial segment before 
starting the irrigation. Especially with question- 
able well- to moderately differentiated neoplastic 
changes, comparison of the actual washings with 
the two preliminary urine fractions can be helpful 
in establishing a possible reactive, manipulative 
etiology for the cellular changes. 
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Fig.9.59a, b. Multinucleated giant cell following retrograde tively common finding. They have no pathologic signifi- 
catheterization. These giant forms of umbrella cells, which cance (a, x 340; b, x 850; Papanicolaou stain) 


may contain up to several dozen benign nuclei, are a rela- 


Suspicious Cytologic Findings 


Fig.9.60a, b. Changes simulating a well-differentiated tu- ing of the nuclear membranes (< +). Further diagnostic 
mor after retrograde irrigation. Besides slight coarse granu- procedures did not confirm the suspicion of neoplasia 
larity of the chromatin (<4 4), there is conspicuous thicken- (a, x 340; b, x 850; Papanicolaou stain) 
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Fig. 9.61 a,b. Tumor-mimicking changes after retrograde ir- 
rigation. The marked nuclear enlargement (unfavorable nu- 
clear-cytoplasmic ratio; <<) with mild hyperchromasia 
raised suspicion of a well to moderately differentiated carci- 


Positive Cytologic Findings 


a ab 


Fig.9.62a, b. Poorly differentiated carcinoma of the renal 
pelvis (grade 3). Besides greatly enlarged nuclei (+ +) with 
prominent nucleoli, there are nuclei with markedly patho- 
logic hyperchomasia (<<). Changes of this magnitude can- 


noma, but further diagnostic procedures did not confirm ~ 
this. The “apparent hyperchromasia” at the center of the cell 
cluster (+) is an overlap effect (a, x 340; b, x 850; Papa- 
nicolaou stain) 


not be explained in terms of an irrigation response or irrita- 
tion by other external agents (e.g., a stone) and must have a 
malignant etiology (a, x 340; b, x 850; Papanicolaou stain) 
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Fig.9.63. Poorly differentiated carcinoma of the ureteral 
remnant (grade 3) (x 340; Papanicolaou stain) 
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9.7 Cytologic Evaluation 
of Treatment Response in Urothelial 
Tumor Patients 


9.7.1 Urine Cytology After TUR and Laser 
Vaporization 


Urinary cytology is widely recognized as an essen- 
tial component in the postoperative surveillance 
of urothelial carcinomas (Riibben etal. 1989). 
Postoperative urinary cytology is more sensitive 
than multiple intraoperative biopsies for diagnosing 
carcinoma in situ coexistent with an exophytic 
bladder tumor (Harving etal. 1988). Although 
useful results can be achieved as early as 3 days 
postoperatively, despite the reactive degenerative 
cell changes induced by the surgery (Miiller et al. 
1985), it is prudent to defer urinary cytology for at 
least 7 days in order to minimize false-positive find- 
ings. 
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Normal Postoperative Findings 


Fig.9.64a, b. Reactive cellular changes 8 days after TUR. coarsely granular hyperchromasia, however, but appear 
Besides segmented leukocytes and intact erythrocytes, the homogeneous. The vacuolated cytoplasm (<q €) is attribut- 
specimen contains urothelial cells with dense, slightly en- ed to residual degeneration (a, x 340, b, x 850; Papanicolaou 
larged nuclei (+ «-). These nuclei do not show typical stain) 


Fig.9.65a,b. Reactive cellular changes 8 days after laser va- erally lytic appearance. The nuclear enlargement and pleo- 
porization. The intact erythrocytes («- +) prove that the morphism (<4 4) are reactive alterations (a, x 340; b, x 850; 
specimen has been satisfactorily preserved, despite its gen- Papanicolaou stain) 
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Suspicious Postoperative Findings 


Fig.9.66a, b. Suspicious urothelial cells 8 days after bladder degeneration or persistent neoplasia. At least a short- 
tumor resection (grade 2). With the markedly altered nucle- term follow-up should be maintained in these cases 
ar-cytoplasmic ratio and nuclear pleomorphism, it is unclear (a, x 340; b, x 850; Papanicolaou stain) 


cytologically whether we are dealing with resection-induced 


Fig.9.67a, b. Suspicious urothelial cells 14 days after blad- matin (<-), the absence of other degenerative residua (e.g., 
der tumor resection (grade 2). Besides the prominent nucle- cytoplasmic vacuoles) warrants classifying the cells as suspi- 
ar membrane and the increased, coarsely granular chro- cious (a, x 340; b, x 850; Papanicolaou stain) 
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Positive Postoperative Findings 


Fig.9.68a, b. Incompletely resected urothelial carcinoma sence of bacteriuria rules out the possibility of an infectious 
(grade 2). Eight days after TUR, the typical leukocytic re- process inciting reactive cell changes (a, x 340; b, x 850; 
sponse is accompanied by pathologic urothelial cells with ex- Papanicolaou stain) 


treme nuclear enlargement and large nucleoli (+). The ab- 


Fig.9.69a, b. Incompletely resected urothelial carcinoma 
(grade 2). This specimen shows markedly enlarged nuclei 
with coarsely granular chromatin (< <) (a, x340; b, x850; 
Papanicolaou stain) 
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9.7.2 Urethral Lavage After Cystectomy 


Based on the 4%-18% incidence of carcinoma of 
the urethral remnant following radical cystectomy 
and the inadequate sensitivity of endoscopic diag- 
nosis (see references in Chap.2), urethral lavage 
has become an essential part of the postoperative 
follow-up of these cases. This surveillance must be 
maintained indefinitely, since urethral stump re- 
currences can develop more than 10 years after the 
cystectomy (Stöckle et al. 1990). 

Technically, it is better to catheterize the urethra 
with a thin-gauge catheter and then irrigate with an 
isotonic solution rather than attempt to irrigate 
through an olive placed against the urethral mea- 
tus (see Chap. 8). 

The interpretation of urinary cytologic washings 
also requires some experience. This is due both to 
the reactive cell changes incited by the irrigation 
and to the fact that cellular atrophy or degenera- 
tion appears to result from the disruption in the 
passage of urine. 


Figs. 9.70 a,b and 9.71a,b. Normal urethral washings. A typi- 
cal feature besides the cellularity of the specimen is the chro- 
matin-dense appearance of the nuclei without coarse granu- 
larity (Figs.9.70 a and 9.71a, x 340; Figs.9.70 b and 9.71 b, 
x 850; Papanicolaou stain) 


Normal Urethral Washings 
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Suspicious Urethral Washings 


Fig.9.72a, b. Cytologically suspicious urethral washings. polyps/tumors, but the patient refused operative treatment 
Very cellular specimen with enlarged nuclei and slightly (a, x 340; b, x 850; Papanicolaou stain). 
prominent chromatin (< <+). Endoscopy revealed papillary 
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Positive Urethral Washings 


Fig.9.73a, b. Poorly differentiated recurrent carcinoma of enlargement (<-) and hyperchromasia (a, x 340; b, x 850; 
the urethral remnant (grade 3). Besides massive bacterial in- Papanicolaou stain) 
fection, there are tumor cells (@) showing extreme nuclear 


a 


Fig.9.74a, b. Moderately differentiated recurrent carcino- 
ma of the urethral remnant (grade 2) shows marked nuclear 
enlargement with very prominent nucleoli (a, x 340; b, 
x 850; Papanicolaou stain) 
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9.7.3 Urine Cytology During Intravesical 
Chemo- and Immunotherapy 


The intravesical instillation of cytostatic drugs 
and/or immunotherapeutic agents (BCG) can 
evoke marked cytotoxic reactions which alter cellu- 
lar morphology and can significantly increase the 
difficulty of cytodiagnosis. The reactive changes 
provoked by these therapies affect not only the cy- 
toplasm but also the nucleus, which of course is 
critical for the diagnosis of malignancy (Roth and 
Rathert 1989). This fact qualifies the significance of 
the classic malignancy criteria of urinary cytology 
such as an altered nuclear-cytoplasmic ratio and 
nuclear pleomorphism. An excessive false-positive 
rate can be avoided by becoming familiar with rele- 
vant aspects of the patient’s history and taking 
them into account during the cytologic interpreta- 
tion. 

Although the reactive cell changes are revers- 
ible, the time factor is not precisely known. For 
practical purposes, we recommend performing the 
cytologic examination about 4 weeks after the instil- 
lation. In this way the specimen is collected imme- 
diately before the next instillation when the usual 
schedule of instillation cycles is followed. 
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Suspicious or positive urinary cytologic findings 
are an indication for: 


> Short-term endoscopic and biopsy follow-ups 

> Uroradiologic evaluation of the upper urinary 
tract 

> A change of chemotherapeutic or immuno- 
therapeutic agent 


Despite problems of interpretation, the efficacy of 
cytologic follow-up in this setting is well document- 
ed. For example, Bretton et al. (1989) showed in a 
follow-up study of 65 patients treated by BCG in- 
stillation that conventional urinary cytology per- 
formed 3 months after therapy correctly diagnosed 
absence of tumor with a specificity (true-negative 
findings) of 81% (29/36). Concurrent automated 
flow cytometry in this series achieved a specificity 
of only 56% (20/36). Conventional urinary cytolo- 
gy detected recurrent tumors with a Sensitivity 
(true-positive findings) of 55% (19/29). Flow cy- 
tometry was superior to conventional cytology in 
this regard, achieving a sensitivity of 69% (20/29), 
but this is a highly specialized procedure that is not 
used for primary diagnosis. Moreover, the correct 
identification of tumor absence (specificity) is as 
important as the detection of recurrence in terms 
of avoiding unnecessary invasive diagnostic proce- 
dures. | 
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Normal Reactive Urothelial Changes 


Fig.9.75a,b. Reactive vacuolation of the cytoplasm and nu- 
clei secondary to the instillation of mitomycin (a, x 340; 
b, x 850; Papanicolaou stain) 


Fig.9.76a, b. Reactive cytotoxic cell degeneration during nuclear pleomorphism, which should not be interpreted as a 
Adriablastin instillation. There is vacuolation in addition to sign of malignancy (a, x 340; b, x 850; Papanicolaou stain) 
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Fig.9.77a, b. Cytotoxic nuclear degeneration secondary to typical chemocystitic accompaniment of “sterile leuko- | 
BCG instillation (“effective cytostasis”). The nucleus is not cyturia” and hematuria (a, x 340; b, x 850; Papanicolaou 
hyperchromatic but shows marked lytic disruption. An in- stain) 
tact nuclear membrane is no longer present. There is also the 
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Fig.9.78a, b. Cytotoxic degeneration of tumor cells follow- Figs. 9.80 and 9.81. Cytologically suspicious findings during > 
ing BCG therapy for carcinoma in situ (“effective cytosta- instillation therapy. Besides the marked destruction of 
sis”) (a, x 340; b, x 850; Papanicolaou stain) urothelial cells consistent with a morphologically effective 


cytostasis (+ <+), there are tumor-suspicious cells that are 
largely intact (4) (x 850; Papanicolaou stain) 
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Suspicious Urothelial Changes 


A| 


Fig.9.79a, b. Cytologically suspicious finding in a patient cells showing suspicious hyperchromasia (@) with no 
treated with mitomycin. The very cellular irrigation speci- cytotoxic alterations (a,x 340; b, x 850; Papanicolaou stain) 
men contains degenerative urothelial cells (<- +) along with 


9.80 9.81 
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Recurrence of Urothelial Carcinoma 


Fig.9.82 a, b. Persistent carcinoma in situ during BCG ther- and condensation (< <+) (a, x 340; b, x 850; Papanicolaou 
apy. Despite the slight cytotoxic vacuolation (@ <4), the ma- stain) 
jority of nuclei are intact and display chromatin clumping 


a “aa 


b 
Fig.9.83a, b. Poorly differentiated carcinoma (recurrent) 8 show marked nuclear enlargement with coarsely granular 
weeks after mitomycin therapy. There is no chemocystitic hyperchromasia (a, x 340; b, x 850; Papanicolaou stain) 


accompanying reaction. The largely intact urothelial cells 
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9.7.4 Urine Cytology After Radiation and Systemic Chemotherapy 


Normal Reactive Findings 


Fig. 9.84 a,b. Degenerative urothelial cells following radio- tion. These changes may persist for years (a, x 340; b x 850; 
therapy, no evidence of malignancy. The radiation-induced Papanicolaou stain) 
changes present chiefly as cytoplasmic and nuclear vacuola- 


Fig.9.85a, b. Radiogenic degeneration of urothelial cells 
with cytoplasmic and nuclear (<-) vacuolation (a, x 340; 
b, x 850; Papanicolaou stain) 
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Suspicious Findings 


‘ 
a E) 
Fig.9.86a, b. Tumor-suspicious urothelial changes follow- clei overstained due to protein denaturation. Rather, the 
ing radiochemotherapy of a recurrent muscle-infiltrating residual transparency of the nuclei (<) is suggestive of 
carcinoma. Despite the vacuolated cytoplasm, the nuclei do pathologic hyperchromasia (a, x 340; b, x 850; Papanicolaou 
not have the uniformly dark appearance of devitalized nu- stain) 


Recurrence of Urothelial Carcinoma 


E 


< 


8 
‘ 


Fig. 9.87a, b. Persistent poorly differentiated urothelial car- markedly enlarged, pleomorphic, and hyperchromatic 
cinoma during systemic M-VAC chemotherapy. The cells (a, x 340; b, x 850; Papanicolaou stain) 
show no evidence of cytotoxic degeneration. The nuclei are 
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Fig.9.88. Recurrence of invasive bladder cancer (grade 2) 
following a course of systemic chemotherapy (CISCA). One 
cell shows cytotoxic degeneration (<~ <), and there is a 
largely intact tumor cell with a pathologic nucleus (<4) 
(x, 850; Papanicolaou stain) 
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9.7.5 Urine Cytology in Patients with an Ileal 
Conduit and Reconstructed Bladder 


Because urothelial carcinoma is characterized as 
a panurothelial tumor, the upper urinary tract 
should be monitored for recurrent neoplasia fol- 
lowing radical cystectomy with supravesical diver- 
sion and also after the construction of a substitute 
bladder. Although the presence of degeneratively 
altered intestinal cells makes the evaluation much 
more difficult, urinary cytology is still an essential 
component of aftercare, especially in patients who 
are no longer acceptable candidates for retrograde 
contrast radiography or endoscopy. 
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Normal Reactive Findings 


Fig.9.89a, b. Typical normal degenerative changes in ileal 1981). The degenerative cells contain eosinophilic inclusions 
conduit urine. Besides transparent mucosal elements, the (44) as a nonspecific associated finding (a, x 340; 
specimen contains degeneratively altered intestinal cells b, x 850; Papanicolaou stain) 


(= <) presenting a characteristic rounded shape (Koss 


Fig.9.90a, b. Normal findings in an ileal neobladder. mic vacuolation and increased nuclear density but no true 
Degeneratively altered urothelial cells (+ +) with cytoplas- hyperchromasia (a, x 340; b, x 850; Papanicolaou stain) 
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Recurrence of Urothelial Carcinoma 


a 


Fig.9.91a-d. Poorly differentiated recurrent carcinoma of 
the upper urinary tract following ileal conduit diversion. The 
giant nuclei with coarse chromatin permit a definitive cyto- 
logic diagnosis (a and c, x 340; b and d, x 850; Papanicolaou . 
stain) 
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9.8 Rare Urinary Cytologic Findings 


9.8.1 Vesicoenteric Fistulas 


The diagnosis of a vesicoenteric fistula as a prelude 
to surgical treatment is often difficult even when 
the full spectrum of urologic diagnostic procedures 
are applied. This is due to the frequently poor diag- 
nostic yield of endoscopic and uroradiologic exami- 
nations. Despite success with computed tomogra- 
phy and the “Bourne test,” involving oral barium 
administration and subsequent radiographic de- 
tection of barium in the sediment of a 24- to 48-h 
urine sample (Roth and Rathert 1988), urinary cy- 
tology also should be considered as a diagnostic 
tool — especially when we note that vesicoenteric 
fistulas typically run an intermittent course due to 
spontaneous opening and closure of the fistulous 
communication and often necessitate multiple ex- 
aminations. Urinary cytology is ideal in this regard. 
owing to its convenience and noninvasiveness. 


Fig.9.92a, b. A typical finding with vesicoenteric fistulas is 
the presence of undigested fiber remnants (<- <-) and col- 
iform bacteria (4). Individual “bulky” fiber remnants in 
the specimen probably represent contamination during 
cytopreparation; the fiber remnants of vesicoenteric fistulas 
tend to appear “frayed” and “digested” (x, 850; Papa- 
nicolaou stain) 
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9.8.2 Parasitic Infections 
9.8.2.1 Schistosomiasis of the Urogenital Tract 


Of all the tropical parasitic diseases, schistosomia- 
sis (bilharziosis) most commonly affects the uro- 
genital system. It is chiefly endemic to the subtrop- 
ical and tropical regions of Africa, Asia, and South 
America, but the scope of international tourism 
makes it advisable to consider schistosomiasis gen- 
erally as a potential cause of chronic bladder in- 
flammations that are refractory to treatment. 

The causative parasites of schistosomiasis are 
trematodes. The most common causative organ- 
ism of urinary schistosomiasis is Schistosoma 
haematobium, known also as the “human bladder 
fluke.” 

Endoscopic inspection of the bladder submu- 
cosa reveals “bilharziomas,” which are also de- 
scribed as “sandy deposits.” The diagnosis is ulti- 
mately established by biopsy, although direct 
detection by urinary cytology is also possible. If 
schistosomiasis is suspected, the terminal urine 
fraction should be examined as it will contain the 
largest number of schistosome ova expelled by 
bladder contraction (Fig. 9.93). 


Fig.9.93a—c. Schistosomiasis of the bladder. The schisto- 
some ova (<— <+) are markedly smaller than urothelial cells 
and are easily mistaken for segmented granulocytes. The 
key differentiating feature is the “terminal spine,” appear- 
ing asa thin cytoplasmic projection from the ovum (4 4). A 
terminal spine is not consistently observed on all schisto- 
some ova, however (a, x 340; b, x 850; Papanicolaou stain) 
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9.8.2.2 Toxoplasmosis 


Toxoplasmosis is a ubiquitous protozoal infec- 
tion that produces few clinical symptoms. The 
causative organism of toxoplasmosis, Toxoplasma 
gondii, chiefly attacks the brain and the cardiac 
and skeletal muscle but rarely may be found in the 
urogenital tract. 


Fig.9.94. Toxoplasmosis in a 2-day-old infant. The infected 
cell shows pseudocystic alterations and contains reddish 
structures (parasites) surrounded by a clear zone (x 850; 
May-Griinwald/Giemsa stain). (From de Vooget et al. 1979) 
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9.8.3 Viral Infections of the Urinary Tract 


In contrast to viral infections of the external geni- 
talia, little research has been done on the signifi- 
cance of viral infections involving the excretory 
portion of the urinary tract. One reason for this is 
the difficulty of making a confident diagnosis of vi- 
ral diseases in that region. 

Viruria is known to be a feature of numerous vi- 
ral diseases (Nafe 1989). In the past, urologic 
symptoms in generalized infections were interpret- 
ed mainly as a result of immunobiologic processes 
rather than a direct result of infection by viruses. 
But in recent years there has been growing specu- 
lation about a viral etiology of various urologic and 
nephrologic disorders. The problem of urinary 
tract viral infections will likely become more pres- 
sing in connection with the possible activation of 
latent forms in patients who are immune-sup- 
pressed as a result of AIDS infection or organ 
transplantation. | 

Urinary cytology can be particularly valuable 
when there is question of urothelial involvement 
by papilloma virus and for the differential diagno- 
sis of cytomegalovirus infection and acute graft re- 
jection after renal transplantation. 


9.8.3.1 Cytomegalovirus Infection 
and Renal Graft Rejection 


Winkelmann etal. (1985), by examining 
Papanicolaou-stained specimens, were able to dif- 
ferentiate between acute allograft rejection and a 
cytomegalovirus infection provoked by the use of 
immunosuppressive agents in 33 patients who un- 
derwent renal transplantation. 

The typical cytomorphologic criteria of graft re- 
jection were large numbers of renal tubular cells, 
lymphocytes, mitoses, and increasing erythrocyt- 
uria. By contrast, specimens from six of seven pa- 
tients with serologically diagnosed CMV infection 
contained typical “owl’s-eye cells” with a ground- 
glass nucleus (Fig.9.95). There were no cytologic 
criteria of graft rejection, so the findings were not 
misinterpreted. Urinary cytology has thus proven 
to be a valuable tool in the follow-up of renal trans- 
plant patients. It should be added, however, that 
multiple cytologic examinations are often required 
when a CMV infection is suspected (Koss 1981). 
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Fig.9.95a, b. In cytomegalovirus infection, the intranuclear 
inclusions impart a characteristic “owl’s eye” appearance to 
the nucleus (a, x 400, May-Griinwald/Giemsa stain; b, x 400, 
phase contrast microscopy). (From de Vooget et al. 1979) 
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9.8.3.2 Urothelial Involvement 
by Human Papillomavirus 


The condylomatous infections caused by human 
papillomaviruses (HPV) are among the most com- 
mon sexually transmitted diseases. Besides the 
familiar exophytic acuminate form and the flat 
condylomata affecting the external genitalia, the 
urethral meatus should also be integrated into the 
diagnostic workup as a potential reservoir for 
autoinfection (Roth et al. 1990). 

Urethroscopy is problematic due to the risk of 
iatrogenic spread of virus to higher levels, so an 
ENT speculum has been recommended as an aid to 
inspection. Although few studies have been done 
on the efficacy of urine cytology in the diagnosis of 
vesical and urethral HPV infections, it is reason- 
able to undertake a urinary cytologic examination 
given the lack of practical alternatives and the fact 
that we do not yet have an accurate molecular viro- | 
logic procedure that can routinely detect an HPV 
infection independent of visible morphologic 
changes. 

Cellular damage by HPV is characterized chiefly 
by a conspicuous cytoplasmic alteration in fully 
mature squamous epithelial cells. This includes the 
formation of a clear perinuclear “halo” with more 
or less pronounced nuclear atypia, frequently com- 


Fig.9.96a, b. Urethral condylomata acuminata in a male. 
Besides nuclear atypias with mild hyperchromasia and chro- 
matin condensation, there is conspicuous multinucleation of 


the squamous epithelial cells. A typical perinuclear halo is 
faintly visible in b (x 475; Papanicolaou stain). (From de 
Vooget et al. 1979) 
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bined with nuclear degenerative signs. Koss coined 
the term “koilocytes” for cells that manifest these 
HPV-specific changes (Koss and Durfee 1956). 


9.8.3.3 Herpesvirus Infection 


In patients with persistent dysuric complaints and 
no significant detectable bacterial infection, the 
possibility of herpes cystitis should be considered 
in the differential diagnosis once carcinoma and 
other organic diseases have been excluded. This 
type of infection is rare (Masukawa et al. 1972; 
Person et al. 1973), so correlation with immuno- 
Suppressive therapy can provide an important 
clue. 


Fig.9.98a, b. Virocytes of unknown origin resembling tu- 
mor cells. This patient had gross hematuria with bilateral re- 
nal pain and fever lasting 3 days. The cytologic impression of 
a urothelial tumor (b) was refuted by uroradiology, en- 
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Fig.9.97. Herpesvirus infection with “virocytes.” Striking 
features are the multinuclearity of the cells and the ground- 
glass appearance of the nuclei. Koss describes the cells typi- 
fying this pattern as “multinucleated with nuclear crowding 
and reciprocal nuclear indentations” (Koss 1981); (x 475; 
Papanicolaou stain). (From de Vooget et al. 1979) 


doscopy, and close follow-up. While some cells showed atyp- 
ical plasma vacuoles (a), others were morphologically indis- 
tinguishable from tumor cells (b); (x 850; Papanicolaou 
stain) 
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10.1 Introduction 


The subjective cytologic examination of urinary 
sediment by no means offers an ideal solution to 
the diagnosis of bladder carcinoma: 


— The sensitivity is only 70%, depending on the 
grade of tumor malignancy. 

— The specificity is only 80%—95% (Murphy et al. 
1986; Rübben et al. 1989). 

— The reproducibility of malignancy grading, at 
approximately 60%-70%,, is poor (Ooms et al. 
1989). 

— The prognostic relevance of the cytologic tumor 
grade is not adequate to have a definite impact 
on treatment planning (Böcking et al. 1990). 


— The prospective biologic behavior of dysplastic 
cells cannot be accurately predicted. | 

— The labor cost is high for the screening of large 
sample volumes in subjects at risk. 


Since the 1960s, the latest cytometric techniques 
have been applied in an effort to furnish objective, 
reproducible data on urothelial cells, and thus help 
solve the problems listed above (Tavares et al. 
1966; Koss et al. 1975; Foss and Kaalhus 1976a,b; 
Tribukait and Esposti 1978). The earliest results, 
and still the most promising to date, have been sup- . 
plied by DNA cytometry, which was formerly done 
using microphotometers and today employs TV 
image analysis systems or flow cytometers. 

Tumor cytogenetics forms the biological basis 
for diagnostic DNA cytometry, which involves the 
detection of aneuploid chromosome sets in neo- 
plasia and relates the variability of this aneuploidy 
to the grade of tumor malignancy. Attempts have 
also been made to use TV image analysis (mor- 
phometry) of the urothelial cells to find solutions 
to the foregoing problems. Here we shall discuss 
the scientific results of these investigations in 
terms of their relevance to routine cytologic diagno- 
sis and its clinical application. 


10.2 Morphometry of the Urothelium 


Koss etal. (1975), unlike Fossa and Kaalhus 
(1976a), were unable to find a significant differ- 
ence in nuclear sizes between normal and malig- 
nant urothelial cells. In a sophisticated image-anal- 
ysis study of 117 bladder carcinomas, these authors 
found no significant correlation between various 
nuclear parameters (size and its variability, chro- 
matin density and distribution) and clinical tumor 
stage or length of patient survival. Aikens and 
Liedtke (1982) used a high-resolution microscopic 
cytophotometric system in an attempt to discrimi- 
nate between normal and malignant urothelial 
cells. The results were ultimately disappointing. 
Even more recent studies with TV image analysis 
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systems (Montironi et al. 1985) can at best demon- 
strate significant differences between the large 
groups of all benign and malignant urothelial 
changes but cannot furnish results relevant to the 
diagnosis of individual cases. Consequently, mor- 
phometric image analysis is no longer being seri- 
ously considered as a tool for the evaluation of 
problem cases or the grading of malignancy in uri- 
nary cytology. At the same time, image-analysis 
parameters can be successfully employed in auto- 
mated systems when the goal is to replace the 
screening function of a human assistant by a ma- 
chine, rather than to enhance the confidence and 
prognostic relevance of a cytologic diagnosis al- 
ready made by an examiner (see Sect. 10.7). 


10.3 Biologic Principles of DNA 
Cytometry 


10.3.1 Discrimination 


Except for gametes, the nuclei of human cells each 
contain twosets of 23 chromosomes (=2c). Foursets 
of chromosomes (=4c) are present in the G2 phase 
of the cell cycle prior to cell division. A multiple of 
the chromosome set corresponding to whole-num- 
ber powers of the 2c value (1.e., 4c, 8c, 16c,32c) regu- 
larly occurs as a physiologic phenomenon in some 
tissues. This process is called euploid polyploidiza- 
tion. Polyploid chromosome sets are consistently 
found, for example, in thyroid epithelium, seminal 
vesicle epithelium, hepatic epithelium, mesothelial 
cells, cardiac muscle fibers, and also in urothelial 
cells. As early as 1959, Walker demonstrated this 
in cytogenetic studies of the mouse urothelium. 
Several authors have used DNA cytometry to de- 
tect polyploidization of up to 8cin human urothelial 
cells (Levi et al. 1969; Fossa 1975; Farsund and 
Hostmark 1983). We detected 4c and 8c ploidies in 
45 of 50 normal urothelial populations (Biesterfeld 


et al. 1992). Figure 10.1 shows a DNA summation | 


histogram of these normal urothelial cell popula- 
tions from spontaneously voided urine samples. 
Some cytologically detectable viral infections, such 
as HPV, can likewise induce a polyploid nuclear 
DNA content (Chatelain et al. 1989a), although 
this has not yet been demonstrated for the urotheli- 
um. In the synthesis phase of the cell cycle, a limited 
percentage of the cells (<10%) may show DNA 
contents that are between the integral powers of the 
2c value (Sandritter 1981). 
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Fig.10.1. Summation histogram of DNA distribution in 
5000 normal urothelial cells from urine samples of 50 differ- 
ent subjects. For each subject 100 Feulgen-stained cells 
were measured using the MIAMED system (Wild-Leitz, 
Wetzlar); granulocytes served as reference cells (x 1.20) 


Aneuploidy refers to numerical or structural de- 
viations from these normal chromosome sets and 
corresponding DNA contents (Fig.10.2). Heim 
and Mittelman (1987) describe a 5p isochromo- 
some, monosomy X, and trisomy 7 as primary 
chromosomal abnormalities associated with carci- 
noma of the urinary bladder. Pauwels et al. (1987), 
on the other hand, describe a loss of chromosome 5 
and the deletion of a fragment from chromosome 
19 as characteristic anomalies in urothelial neo- 
plasms. A tumor that exhibits this aneuploidy can 
be identified as originating from the urothelium. 
This characteristic chromosomal aneuploidy is not 
readily detectable by DNA cytometry, however, 
because it corresponds to a loss of only about 2.5% 
of the nuclear DNA, or 0.05c. This is why low- 
grade urothelial tumors are usually not identified as 
“aneuploid” by DNA cytometry, even though they 
are cytogenetically aneuploid. This applies to al- 
most all tumors, and there are virtually no 
“diploid” urothelial tumors. But cytometry is 
sometimes incapable of demonstrating chromoso- 
mal aneuploidies, leading many cytometrists to 
speak incorrectly of “diploid” tumors. Structural 
and numerical aberrations of chromosomes 1, 7, 
11,17, and others as well as marker chromosomes 
may appear as secondary abnormalities during the 
course of tumor progression, but they are not char- 
acteristic of urothelial tumors. Once these sec- 
ondary chromosomal anomalies have appeared, 
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Fig. 10.2. Karyotype of a representa- 
tive tumor cell from a human grade 1 13 14 
urothelial carcinoma. Monosomy X, | 
translocation of a fragment from 
chromosome 12 to 1, trisomy 20. x a Pr 
(Specimen courtesy of Dr. Ott, 
Dr. Offner, Institute for Pathology, 19 20 
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the nuclear DNA content can be successfully iden- 
tified as abnormal or “aneuploid” even by cy- 
tophotometric analysis. 

Chromosomalaneuploidyis viewed incytogenet- 
ics as a hard marker for the neoplastic transforma- 
tion ofcells (Heim and Mittelman 1987). Thismeans 
that the detection of cells with an aneuploid chro- 
mosome set is equivalent to the detection of neo- 
plastically transformed cells (Atkin 1971; Huber 
1986; Pauwels et al. 1987; Smeets 1987). For exam- 
ple, the cytogenetic detection of aneuploid cells is 
used as a marker for malignancy in the cytologic di- 
agnosis of pleural effusions (Heim and Mittelman 
1987). Some benign cells also may exhibit aneu- 
ploidy as aresult ofexposure to ionizing radiation or 
cytostatic agents. If the single-cell interpretation of 
DNA cytometric values is to be useful for detecting 
aneuploidy, these effects must be excluded. 

Due to the high cost of chromosomal prepara- 
tions, attention has shifted in the past 40 years from 
cytogenetic analysis to DNA cytometry as a means 


of evaluating cells for aneuploidy to detect neo- 


plastic transformation (Atkin 1971; Sandritter and 
Bohm 1975; Ploem-Zaaijer et al. 1979; Barlogie 
et al. 1980; Wied et al. 1983; Hedley et al. 1984; 
Barlogie 1981). After classic Feulgen staining 
(Feulgen and Rossenbeck 1924), in which DNA is 
combined with a violet dye (parafuchsin) in a stoi- 
chiometrically precise fashion, the DNA content 
can be determined with reasonable accuracy by 
microdensitometric measurement of the dye con- 
tent per nucleus and calibration with nuclei having 
a known, normal 2c content (reference cells). 
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Although aneuploidy is a chromosomal phe- 
nomenon of the individual cell, classic DNA cy- 
tophotometry relates this term to the most fre- 
quently occurring. (modal) value in a cell 
population (the highest peak in the DNA his- 
togram). In the case of a tumor, this value corre- 
sponds to the “stemline” (Seidel and Sandritter 
1963). A single-cell interpretation of aneuploidy 
can be accomplished by DNA cytometry only in 
non-polyploidizing tissues (Böcking etal. 1984; 
Bocking 1990). If the modal value or tumor stem- 
line is located in an “aneuploid region” of the 
DNA histogram (outside 2c, 4c, 8c, 16c), aneu- 
ploidy of the entire population is assumed, and the 
tumor is said to be “aneuploid” even if most and 
not all of the nuclei have an aneuploid DNA con- 
tent. In polyploidizing tissues such as the urotheli- 
um, we classify a modal value outside of 2c, 4c, 8c, 
16c + 2c, 4c, 8c or 16c x CV as “aneuploid.” 
Because CV is the coefficient of variation in the 
reference cell population (e.g., lymphocytes), less 
variation in the reference cell population means a 
better chance for the successful DNA cytometric 
detection of aneuploidy. This conservative DNA 
cytometric interpretation of aneuploidy is very 
specific but relatively insensitive, because aneu- 
ploidy is assumed to be present only if the majority 
of tumor cells display a quantitatively significant 
alteration in their chromosome sets. Generally this 
is the case only if the quantity of DNA is increased 
by more than 10%, corresponding to a modal value 
greater than 2.2c. In practical terms, this means 
that an urothelial carcinoma can be diagnosed by 
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the detection of an aneuploid stemline only if, be- 
yond the primary chromosomal mutations, there 
have also been significant secondary mutations 
leading to a DNA increase >2.2c in the majority of 
the tumor cells. 


10.3.2 Grading of Malignancy 


It is known from cytogenetics that, in a number of 
solid carcinomas in humans, the degree of chromo- 
somal aberrations correlates with the prognosis 
(Heim and Mittelman 1987). 

Sandberg showed in 1986 that noninvasive blad- 
der carcinomas of histologic grades 1 and 2 usually 
had normal diploid karyotypes and only occasion- 
ally exhibited marker chromosomes, whereas most 
grade 3 tumors were strongly aneuploid and 
contained abundant marker chromosomes. 
Superficially invasive grade 2 tumors displayed 
more aberrations than noninvasive tumors. The 
presence of marker chromosomes appears to be an 
absolute prerequisite for invasive tumor growth in 
bladder cancer patients (Summers et al. 1989). 
Massive chromosomal abnormalities were found 
mainly in aggressive tumors. In patients with non- 
invasive papillary tumors, recurrence developed in 
90% of cases with marker chromosomes but in 
only 5% of cases with no chromosomal anomalies. 

The malignant potential of urothelial carcinomas 
depends less on the most frequently occurring 
chromosomal anomaly (modal anomaly), as is 
commonly believed, than on the variability 
(“range”) of the secondary anomalies. This results 
from the genetic instability of the tumor. The more 
the secondary chromosome anomalies vary from 
cell to cell in a urothelial carcinoma, the more ma- 
lignant and aggressive the tumor (Pauwels et al. 
1988). Modal chromosome counts <49 occurred in 
97% of all grade 1 tumors but in only 49% of grade 
2 and 8% of grade 3 tumors. While all infiltrating 
bladder carcinomas showed cells with more than 
49 chromosomes, this was noted in only 22% of the 


noninfiltrating tumors (Pauwels et al. 1988). The 


chromosomal range of aneuploidies in DNA cy- 
tometry corresponds to the variance about the nor- 
mal 2c value (=2c deviation index, 2cDI; Böcking 
et al. 1984). The higher the measured values and 
the greater their variability, the greater will be the 
variance about the 2c value. The loss of a stemline 
is considered a particularly unfavorable prognostic 
sign, as it also leads to a high variance of DNA val- 
ues and to very high individual values. Variance is 
too abstract a prognostic index for, the clinician, 
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however, and it is more useful to work with a loga- 
rithmic conversion of the 2c deviation index 
(2cDI) in which the DNA malignancy grade (DNA 
MG) is assigned a value on a 0-3 scale. In this con- 
version the lowest possible variance of 0 represents 
a DNA malignancy grade of 0, while the highest 
observed value of 51 (for osteosarcoma) corre- 
sponds to a DNA malignancy grade of 3.0 
(Böcking and Auffermann 1986). Follow-up 
studies to date have confirmed the prognostic rele- 
vance of this DNA malignancy grade for malig- 
nant lymphomas and for carcinomas of the 
prostate, breast, and bladder (Böcking et al. 1985, 
1986a,b, 1988, 1989, 1990; Auffermann et al. 1986) 
(Figs. 10.3-10.5). 

The above observations from tumor cytogenet- 
ics are consistent with observations of a statistical- 
ly significant prognostic improvement in patients 
with bladder carcinomas that display a DNA stem- 
line in the “diploid” or “tetraploid” range, as op- 
posed to those with aneuploid stemlines in the 
3c-6c range (Tavares et al. 1973, 1986). 

At the same time, a review of the literature 
shows little consistency in the prognostically rele- 
vant interpretation of the DNA distribution in sta- 
tistical and flow-cytometric DNA analyses. 
Frequently the authors confine their efforts to the 
subjective description of DNA histograms. Many 
nonstandard terms are employed in an effort to de- 
scribe the characteristics of the DNA distribution, 
although most authors focus their attention on the 
position of the stemline. This refers to the most fre- 
quent (modal) value that is accompanied by a dou- 
bling peak corresponding to cells in the G2/M 
phase (Sandritter and Carl 1966). Authors have at- 
tempted to characterize the modal value with 
terms such as diploid, triploid, tetraploid, hyper- 
pentaploid, near-hexaploid, hyperoctoploid, etc., 
without defining precisely what these terms mean. 
Other authors have described various prognosti- 
cally relevant types of histogram in which the DNA 
distribution must be subjectively evaluated (Auer 
et al. 1980). Pfitzer et al. (1976) were among the 
first to emphasize the poor reproducibility of the 
subjective interpretation of histograms. Besides 
the 2c deviation index mentioned above, a variety 
of other indices have been devised for the more 
precise and objective interpretation of DNA his- 
tograms: 


— The DNA index of the modal value (Barlogie 
et al. 1980) 

— The mean nuclear DNA content (Sprenger et al. 
1974) 
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— The diploid deviation quotient: DDQ (Fossa 
and Kaalhus 1977), which also is an expression 
of mean ploidy 

— The percentage of nuclei with a DNA con- 
tent >5c (Ploem-Zaaijer et al. 1979) 

— The Z value (Sprenger et al. 1974), which ex- 
presses the ratio of “euploid” to “aneuploid” 
DNA values 


The most widely used, prognostically relevant dif- 
ferentiation into “diploid” and “aneuploid” tumors 
has no biological, cytogenetic basis, because virtu- 
ally all tumors are aneuploid at the chromosomal 
level. Since DNA cytometry reveals any number of 
transitional states between slight and profound de- 
viations of the stemline modal value from the nor- 
mal 2c value, an arbitrary division into “diploid” 
and “aneuploid” tumors makes little sense. It 
would be more useful to establish empirically de- 
rived, prognostically relevant thresholds of the 
modal value for specific tumor entities. 


10.4 Specimen Processing 


10.4.1 DNA Single-Cell Cytometry 


DNA single-cell cytometry can be performed on 
routine cytologic material that has been processed 
by any standard cytopreparatory technique. 
However, the cells in the voided urine or washings 
should be fixed by the addition of 50% alcohol im- 
mediately after collection. Also, the cellular mate- 
rial should be concentrated in a monolayer to fa- 
cilitate individual cell detection. Cytocentrifuge 
specimens are particularly suitable, but sediment 
smears are also acceptable. 

Feulgen stain, necessary for DNA cytometry in 
visible light, can be applied to any specimen regard- 
less of its prior fixation or staining. It is necessary 
only to (post)fix the specimen for at least 2 hin 4% 


formaldehyde in phosphate buffer at pH 7.0 prior. 


to hydrolysis in hydrochloric acid. If cytologic 
specimens can be immediately fixed by this tech- 
nique, postfixation is not required. Pure alcohol 
fixation adversely affects the proportionality of hy- 
drolysis between the different cell types (Böhm 
et al. 1968). The former practice of adding acetic 
acid is not advised, as it leads to an increased scat- 
ter of measured values (Roels 1990). Besides form- 
ing free aldehyde groups on purine bases, the hy- 
drochloric acid hydrolysis serves to destain 
previously stained cells. Coverslipped specimens 
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Fig. 10.3. DNA histogram ofa grade 1 urothelial carcinoma, 
DNA malignancy grade 0.35 
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Fig. 10.5. DNA histogram of a grade 3 urothelial carcinoma, 
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also can be used, as several hours’ soaking in xy- 
lene will remove the coverslip while leaving the 
cells adherent to the slide. DNA cytometry can 
even be performed on tissue material fixed with 
formalin and embedded in paraffin, since there is a 
relatively simple technique for recovering individ- 
ual cells from the embedded tissue (Delgado et al. 
1984). Precise, stoichiometric, automated Feulgen 
staining can be performed overnight with a tem- 
perature-controlled staining machine (Chatelain 
et al. 1989b). 

The use of fluorescent stains for interactive 
DNA single-cell cytometry is not recommended, 
because the fading effect makes it impossible to re- 
peat the measurements on the same nuclei. This is 
occasionally necessary, though, for reasons of qual- 
ity control. Cytometry in UV light also must be 
performed in a darkened room, requiring pro- 
longed adaptation of the eyes. 

Thus, a special preparatory technique is not re- 
quired for DNA single-cell cytometry since any 
specimen, regardless of its previous fixation or 
staining, can be processed by applying appropriate 
postfixation and destaining procedures. The stan- 
dard procedure for Feulgen staining is outlined in 
Table 10.1. 


10.4.2 DNA Flow Cytometry 


Cell samples for flow cytometric analysis are pro- 
cessed differently than samples for conventional 
urinary cytology. 

Following immediate centrifugation (1500 rpm 
for 5 min), the sediment can be resuspended in3 ml 
of phosphate buffer and either stained at once or 
fixed prior to staining. Several hours’ fixation of 
the sediment in 95% alcohol is recommended to 
prevent autolysis and standardize the results of the 
measurement. Fluorescent staining of the resus- 
pended sediment is performed overnight by 
adding 5 ml of propidium iodide or DAPI. The ad- 
dition of a detergent (e.g., Triton X-100) destroys 
the cells while leaving their nuclei largely intact 
(Ratliff et al. 1985). Before cytometry, the cell sus- 
pension is sieved through a 40-70 um nylon mesh 
filter. Deparaffinated tissue samples originally 
fixed in formalin can be analyzed by DNA flow cy- 
tometry following combined enzymatic-mechani- 
cal cell retrieval (Coon et al. 1986). 
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Table 10.1. Steps in the Feulgen staining procedure 


No. Time Contents ofthe cuvet Function 
(min) 
1 60 4% Formaldehyde in Fixation 
Sörensen buffer, pH 7.0 
2 5 Tap water, flowing Rinse 
3 2 Distilled water Rinse 
4 55 4 N HCI, 27.5°C Hydrolysis 
5 5 Tap water, flowing Stop hydrolysis 
6 2 Distilled water Rinse 
7 60 Schiff’s reagent? Stain 
8 10 SO, water? Wash out excess 
dye 
9 10 SO, water Wash out excess 
dye 
10 10 SO- water Wash out excess 
dye 
11 5 Tap water, flowing Rinse 
12 2 Distilled water Rinse 
13 5 70 % ethanol Dehydration 
14 5 96 % ethanol Dehydration 
15 5 100 % ethanol Dehydration 
16 5 Xylene Clearing 


a Prepared by method of Graumann (1953). 


10.5 DNA Single-Cell Cytometry 


10.5.1 Measurement Systems 


Until a few years ago, the DNA content of individ- 
ual cells was usually measured with scanning mi- 
crophotometers (Deeley 1955) using photomulti- 
plier tubes. Either the object is moved beneath the 
measuring beam (e.g., UMSP, Zeiss, Oberkochen, 
FRG), or a moving mirror is used to scan the beam 
across the object (integrated microdensitometer, 
e.g. Vickers M 86, Vickers, York, U.K.). The main 
advantage of these systems is their high gray-scale 
resolution; their main disadvantage is the relative- 
ly slow and complicated measurement process. 
Each individual nucleus must be manually posi- 
tioned within the aperture of a mask. The subjec- 
tive and thus imprecise determination of the indi- 
vidual background (blank value) of the nuclei 
represents a further limitation of this method 
(Auffermann et al. 1984). About 3-4 h is needed 
for the measurement of approximately 20 refer- 
ence cells and 150 “diagnostic” cells. These instru- 
ments are poorly suited for routine diagnostic use, 
therefore. 

Since the 1980s, scanning cytophotometers have 
increasingly been replaced by TV image analysis 
systems that employ a video camera connected to a 
microscope (Bachmann and Hinrichsen 1979; 
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Auffermann etal. 1984; Böcking etal. 1987) 
(Fig. 10.6). The image from the TV camera is pro- 
cessed by an image analysis computer, whose func- 
tions include the densitometric measurement of in- 
dividual cells (Fig. 10.7). With this type of system, 
even nuclei that are closely adjacent or in contact 
with one another can be concurrently measured 
and their morphometric parameters determined. 
An individual background (blank) measurement 
can be performed for each nucleus. This method is 
so rapid and convenient that 20 reference cells and 
approximately 250 diagnostic cells can be mea- 
sured in about 20 min. Potential disadvantages of 
nuclear DNA measurement with TV image analy- 
sis systems are shading (nonuniform image illumi- 
nation and camera sensitivity) and glaring (scat- 
tered light in the microscope beam path). Both 
effects, however, can be corrected to a degree by 
appropriate hardware and software selection. 
Unlike flow cytometric systems, TV image anal- 
ysis Systems can perform measurements on routine 
cytologic and histologic specimens. This eliminates 
the need for separate or repeat specimen collec- 
tion with further processing. Feulgen staining is es- 
sential for DNA measurements, however. A suit- 
able individual- and tissue-specific reference cell 
population can be selected for each specimen (e.g., 
squamous epithelial cells in the urine). Since each 


Fig. 10.6. Interactive TV image anal- 
ysis system includes an automatic mi- 
croscope for semiautomated diag- 
nostic DNA measurements and the 
determination of nuclear morpho- 
metric parameters (MIAMED, 
Wild-Leitz, Wetzlar, FRG) 
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individual cell can be identified and classified prior 
to measurement, the relevant cells can be selec- 
tively evaluated without the concomitant measure- 
ment of artifacts. This also allows for “rare event 
detection,” meaning the isolation and measure- 
ment of rare cells that are of special diagnostic in- 
terest. Thus, dysplastic cells in a bladder irrigation 
specimen containing various cell populations can 
be measured as selectively for benign/malignant 
discrimination as tumor cells can for the grading of 
malignancy. In this way various cell populations 
can be measured concurrently within the same 
sample. The immediate assignment of quantitative 
results to specific cells on the monitor provides for 
an immediate feedback of measured values (see 
Fig. 10.7). The ability to check results by relocating 
individual cells and remeasuring them offers a de- 
cisive advantage in terms of quality control. These 
systems also permit the determination of morpho- 
metric parameters such as nuclear shape, size 
(area), chromatin pattern and derivative parame- 
ters as well as the quantification of immunohisto- 
chemical reactions. 

Although the number of measurable cells is 
somewhat decreased compared with flow cyto- 
metry, rapid advances in image analysis hard- 
ware have made it possible to measure 300 cells, in- 
cluding references cells, within a 20-min period 
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(Bocking et al. 1992). Measurements of larger cell 
numbers do not significantly alter the observed 
DNA distribution (Marschner 1992). Interactive 
DNA image cytometry is particularly well suited 
for DNA measurements in urinary cytologic speci- 
mens, because it can be performed on existing 
smears or cytocentrifuge specimens that have al- 
ready been evaluated by a cytologist. There is no 
need for special sample processing aside from 
Feulgen staining prior to the analysis. Relevant 
(dysplastic or tumor) cells can be measured within 
the normally diverse cell populations. After com- 
pletion of the measurement, the results can be 
printed out in the form of a report sheet showing 
the DNA histogram and diagnostic analysis 
(Fig. 10.8). 


10.5.2 Diagnostic Results 


As stated in the section on the Biologic Principles 


of DNA Cytometry, this method is excellent for the 
identification of neoplastically transformed cells, 
for determining the benignancy or malignancy of 
cytologically or histologically diagnosed dysplasias 
(or borderline lesions), and for the grading of ma- 
lignancies. 
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Fig. 10.7. Interactive monitor of the 
MIAMED TV image analysis system 
with screen-edge sensor fields and 
display of measured tumor-cell nuclei 
and their DNA contents in c 
(Feulgen stain) 


10.5.2.1 Identification of Neoplastic 
Urothelial Cells 


Bass et al. (1989) found that the sensitivity of in- 
teractive DNA single-cell cytometry for the detec- 
tion of malignant cells in urine samples was 
88%, compared to only 58% with conventional 
Papanicolaou cytology (n=33). Even with grade 1 
and 2 urothelial carcinoma, the sensitivity was still 
86% (vs. 33% with cytology). These authors use 
the detection of cells >5c as markers for malignan- 
cy. The sensitivity of DNA cytometry for the iden- 
tification of aneuploid cells in urothelial carcino- 
ma, as in other tumors, is dependent on the grade 
of tumor malignancy. The lower the grade, the bet- 
ter the chance for the successful cytometric detec- 
tion of aneuploidy. 

The specificity of fluorescent image analysis was 
96.7% in a study of 523 high-risk asymptomatic 
subjects (Parry and Hemstreet 1988). The rate of 
3.3% false-positive diagnoses probably results 
from the approximately 8% prevalence of poly- 
ploid cells with >5c DNA content occurring nor- 
mally in the urine (Biesterfeld et al. 1992). If the 
physiologic polyploidization of urothelial cells 
were taken into account in the interpretation of 
DNA measurements, the rate of false-positive di- 
agnosis could probably be reduced. Koss et al. 
(1987) achieved a sensitivity of 60% with DNA sin- 
gle-cell cytometry in 30 tumor cell-positive urine 
samples versus only 23.2% with conventional 
Papanicolaou cytology. Because these authors 
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indices are positive, neoplasia may be assumed. 
Applied in this way, interactive DNA cytometry 
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Fig. 10.8. DNA cytometric printout for a grade 1 urothelial 
carcinoma, including the DNA histogram and diagnostic 
analysis: aneuploid, DNA malignancy grade 0.6 


used only the position of the stemline to detect 
aneuploidy (“diploid”/aneuploid) and did not also 
take into account individual aneuploid cells >5c, 
their sensitivity was significantly below that of 
Parry and Hemstreet (1988). Presumably the sensi- 


tivity and specificity of interactive DNA cytometry © 


could be further improved by combining the sin- 
gle-cell and stemline detection of DNA aneu- 
ploidy and by taking into account the polyploidiza- 
tion of urothelial cells. We suggest that the 
identification of more than 10% cells >5c and/or a 
stemline outside the ranges of 2c, 4c, or 8c + the 
standard deviation of the reference cell population 
should serve as the criterion for the DNA cytomet- 
ric detection of aneuploidy, and thus of neoplasia, 
in urine samples. If one or both of the aneuploidy 


could increase the sensitivity of conventional uri- 
nary cytology. 


10.5.2.2 Discriminating Benign and 
Malignant Dysplasias 


Fossa (1977) found DNA aneuploidies suggestive 
of malignancy (cells >5c) in six of 12 moderate 
urothelial dysplasias in proximity to overt bladder 
carcinomas. In 50% of cases, then, malignancy 
could be diagnosed in the stage of dysplasia by the 
use of DNA cytometry. This suggests that dys- 
plasias which exhibit an aneuploid DNA distribu- 
tion (by single-cell or stemline interpretation) are 
prospectively malignant. We do not subscribe to 
the hypothesis that specific grades of dysplasia cor- 
relate with specific DNA distribution patterns, as 
there is no biological basis for this assumption. 
Rather, a dysplasia in which aneuploid cells are de- 
tected must be classified as prospectively neoplas- 
tic even though subjective morphology does not 
yet support that diagnosis. This is understandable 
when one considers that malignant transformation 
occurs at the DNA level and usually has chromoso- 
mal effects, whereas morphologic alterations ap- 
pear later as epiphenomena. To date, however, 
there have been no precise studies on the prospec- 
tive diagnosis and follow-up of malignancy in dys- 
plastic urothelium. 


10.5.2.3 Grading of Malignancy 


Lederer et al. (1972) and Fossa (1975) were the 
first to document the suitability of the DNA distri- 
bution pattern as a grading parameter for bladder 
carcinoma. These authors used the position of the 
DNA stemline as their principal grading parame- 
ter but did not correlate their results with follow- 
up. Fossa et al. (1977) noted a statistically signifi- 
cant prolongation of survival in 63 patients with a 
“diploid” tumor stemline, compared with 60 pa- 
tients with a “nondiploid” line. Hofstadter et al. 
(1984), in a study of 64 patients, found a close cor- 
relation of the stemline quotient SQ (equivalent to 
the modal DNA index) and diploid deviation quo- 
tient (DDQ; Fossa 1975) with the histologic grade 
according to Bergkvist et al. (1965) and the depth 
of tumor infiltration. The survival time of patients 
with “diploid” tumors (SQ =1.1) differed signifi- 
cantly from that of patients with aneuploid tumors 
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(SQ>1.1). It was found that the DDQ could be 
used to differentiate 30 groups of bladder cancer 
patients who had significantly different survival 
times. The frequency of tumor recurrence and the 
interval to recurrence also correlated significantly 
with the DDQ. Fossa and Kaalhus (1985) showed 
that the stemline quotient in 123 patients was prog- 
nostically relevant, regardless of the tumor stage. 
This means that the DNA determination had sig- 
nificant prognostic implications in every stage. 
Bocking et al. (1990), in a study of 117 bladder 
cancer patients, investigated the prognostic influ- 
ence of tumor stage (TNM), histologic grade 
(Mostofi et al. 1973), the subjective DNA his- 
togram classification according to Fossa (1975), 
the mean DNA content, the differentiation of 
DNA stemlines into “diploid” versus aneuploid, 
and the DNA grade of malignancy (Böcking and 
Auffermann 1986). The TNM stage demonstrated 
the highest correlation with patient survival 
(Fig. 10.9). Multivariant regression analyses (Cox 
1972) showed that histologic grade, another inde- 
pendent variable, demonstrated the second high- 
est correlation with survival time (Fig.10.10). 
When this variable was omitted from the models 
due to its insufficient interindividual reproducibili- 
ty of only 62% , the DNA malignancy grade was in- 
troduced into the model as a further independent 
prognostic variable. Through DNA malignancy 
grading, it was possible to distinguish three patient 
groups with significantly different survival times 
(Fig.10.11). The subjective histogram classifica- 
tion showed as little prognostic significance as the 
simple differentiation between “diploid” and an- 
euploid tumors. Nuclear size and its variability dis- 
criminated only two groups with significantly dif- 
ferent lengths of survival. The interindividual 
reproducibility of DNA malignancy grading was 
investigated for 20 different tumors. With a corre- 
lation coefficient of r=0.97, it was significantly 
higher than that of subjective malignancy determi- 
nations, for which Ooms et al. (1983), for example, 


report a reproducibility of only 41%-58%. Thus, — 


DNA malignancy grading provides a reproducible 
parameter that is equivalent to subjective morpho- 
logic grading in its prognostic relevance. 
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10.6 DNA Flow Cytometry 


10.6.1 Measurement Systems 


In DNA flow cytometry, isolated cells stained with 
a fluorescent dye that binds specifically to DNA 
(e.g., acridine orange, ethidium bromide, DAPI) 
flow in single file through a laser beam. The cells, 
enclosed by a fluid jet and accelerated under high 
pressure to a velocity of about 10 m/s, can be mea- 
sured at arate of at least 100 cells/s (e.g., FACStar — 
plus, Becton-Dickinson, USA; Fig.10.12). The 
minimum cell count in a measurable sample is 
10 000, however, so hypocellular samples cannot 
be processed. The DNA content per cell corre- 
sponds to the level of emitted fluorescent light, 
which is measured by photomultipliers. The results 
are printed out as “scatter plots” and histograms 
and represent a summation result for the cell popu- 
lation as a whole, with no differentiation of specific © 
subpopulations. Advantages of flow cytometry are 
that the results are available quickly (e.g., within 
15 min) and are highly representative owing to the 
large number of measured cells. This results in a 
more precise determination of the DNA index of 
the tumor stemline. Another advantage is the abil- 
ity to evaluate several parameters at once in the 
same sample, such as the nuclear DNA content, 
nuclear size, cellular protein content and, recently, 
various immunologic markers. This type of study 
utilizes several different labels in the same cell, 
which are measured at different wavelengths. 
Sophisticated systems (see Fig. 10.12) include a de- 
vice for sorting out cells with specific detected 
properties, such as a DNA content >5c, for sepa- 
rate morphometric analysis in a TV image analysis 
system (Tanke et al. 1983). Flow cytometry also 
has several disadvantages compared with single- 
cell cytometry: 


— The samples must contain no fewer than approx- 
imately 10 000 cells. Hypocellular samples must 
be analyzed by single-cell cytometry. 

— Besides the routine cytologic specimens that are 
already available, an additional sample must be 
collected specifically for flow cytometry. To 
flow-process material from solid tumors, special 
cell recovery techniques must be used that em- 
ploy mechanical and enzymatic measures 
(Vindelov et al. 1983; Hedley et al. 1983). 

— Due to the lower resolution limit of approxi- 
mately 1%, (tumor) cells that occur in the urine 
with a lower prevalence are not detected. Thus, 
rare event detection is not possible, and the sensi- 
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Fig. 10.9. Kaplan-Meier survival curves for 117 patients with 
bladder carcinoma, arranged according to pathologic stages 
pT1-4. (From Bocking et al. 1990) 
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Fig.10.10. Kaplan-Meier survival curves for 117 patients 
with bladder carcinoma as a function of the histologic malig- 
nancy grade according to Mostofi etal. (1973). (From 
Bocking et al. 1990) 
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Fig.10.11. Kaplan-Meier survival curves for 117 patients 
with bladder carcinoma as a function of DNA malignancy 
grade. (From Bocking et al. 1990) 
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tivity of the method is particularly limited by the 
low prevalence of atypical cells in low-grade and 
low-stage urothelial tumors. 

— Because normal urothelial cells, squamous epi- 
thelial cells, inflammatory cells, and histiocytes 
are always measured in addition to questionable 
tumor cells and cannot be reliably differentiated 
from them, one cannot confidently assign the 
measurements to specific cell populations. Thus, 
DNA malignancy grading is not feasible in a 
mixed cell population. Because individual mea- 
sured DNA values are not processed, there is no 
automatic accounting for smaller but prognosti- 
cally relevant DNA values. Thus, DNA flow 
cytometry usually permits only a rough and 
biologically unwarranted differentiation into 
“diploid” and “nondiploid” tumors. 

— Individual cells that have already been morpho- 
logically classified cannot be measured. 
Consequently, flow cytometry cannot be used 
for the DNA cytometric evaluation of urothelial 
dysplasias. 

— Artifacts such as nuclear aggregates are indistin- 
guishable from tumor cells. 

— Remeasurement of the same sample for quality 
control is not possible due to the fading effect. 

— Flow cytophotometers usually must be serviced 
and adjusted by specially trained personnel. 


10.6.2 Diagnostic Results 


10.6.2.1 Identification of Neoplastic Urothelial 
Cells 


Klein et al. (1982) showed that DNA flow cyto- 
metry can detect aneuploidy 12-18 months before 
the appearance of a cystoscopically detectable tu- 
mor. These findings demonstrated the possibility 
of early cancer diagnosis by flow cytometry. 
Devonec et al. (1982), in tests on 110 bladder irri- 
gation specimens from patients with conservative- 
ly treated low-stage bladder tumors, found that 
DNA flow cytometry was more sensitive than con- 
ventional subjective cytodiagnosis in detecting cy- 
tologic abnormalities. All 34 samples with positive 
cytology were diagnosed as atypical by flow cytom- 
etry, and there were an additional 39 cases in which 
only flow cytology was positive. — 

Generally, success in the detection of an- 
euploid DNA distributions correlates closely 
with the tumor stage and grade of malignancy: 
T0=0% , T1=27% , T2=71.4% , T3/4=75% ; GO=0% , 
G1=30% , G3=77.0% (Chin et al. 1985). 
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The average sensitivity of the DNA flow cyto- 
metric detection of aneuploidy in bladder irriga- 
tion specimens from bladder cancer patients as 
reported in the literature (Table 10.2) is 79%. 
Badalament et al. (1988) report an average sensi- 
tivity of 87% in a review of all 462 bladder carcino- 
mas measured at the Memorial Sloan Kettering 
Cancer Center in New York. The average sensitivi- 
ty of urinary cytology according to these studies is 
only 68.7%. By combining both methods, the sen- 
sitivity can be increased to 93%. The average 
specificity of DNA flow cytometry in bladder 
washings is 92% as reported in the literature, ver- 
sus 97% for urinary cytology (see Table 10.2). 

Thus, the sensitivity of urinary DNA flow cy- 
tometry exceeds that of conventional cytometry by 


more than 10%. Because the diagnostic capabili- 


ties of both methods are supplementary, they 
should be applied in an adjunctive rather than 
competitive fashion. Because the specificity of 
flow cytometry is compromised by a relatively high 
(8%) rate of false-positive findings, especially in 
patients with inflammations and stone disease, a 
positive DNA flow cytometric diagnosis should al- 
ways be substantiated by another diagnostic tech- 
nique. Tanke et al. (1983) suggested that DNA im- 
age cytometry would provide an accurate check 
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Fig. 10.12. FACStar Plus flow cy- 
tometer with cell sorter (Becton- 
Dickinson, USA) 


when performed on abnormal nuclei that have 
been selected out by flow cytometry with a cell 
sorter, but this would be too costly for practical use. 


10.6.2.2 Discriminating Benign and 
Malignant Dysplasias 


Flow cytometry is poorly suited for this task be- 
cause it does not permit the selective DNA mea- 
surement of cells previously diagnosed as dysplas- 
tic by morphologic evaluation. However, flow 
cytometry can often detect aneuploid cells in cys- 
toscopically normal-appearing bladder mucosa 
that is located near an overt tumor (Hostmark 
et al. 1984; 54% ). This provides an index for sys- 
temic tumor involvement of the urothelium. 


10.6.2.3 Grading of Malignancy 


Although DNA flow cytometry can scarcely do 
more than discriminate “diploid” from aneuploid 
tumors, this differentiation in itself has significant 
prognostic implications. Tribukait and Esposti 
(1978) found a correlation between histologic tu- 
mor grade, the occurrence of invasion, and the fre- 
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quency of aneuploid cell populations. Later these 
authors (Tribukait et al. 1979) showed that the per- 
centage of cells in the S phase is also prognostically 
significant. In 229 operatively treated patients with 
stage Ta/T1 bladder cancers, this same group 
(Gustafson et al. 1982a) showed that progression 
occurred exclusively in tumors with an “aneu- 
ploid” DNA distribution pattern, whereas none of 
the “diploid” tumors exhibited progressive behav- 
ior. Similar results were reported by de Vere White 
et al. (1988a,b). 

In patients with carcınoma in situ, more rapid 
progression was observed when more than one 
aneuploid stemline was detected (Gustafson et al. 
1982b). There are no published reports of a corre- 
lation between DNA flow cytometric results and 
length of survival in patients with bladder carcino- 
ma. This offers further evidence that DNA flow cy- 
tometry permits only a relatively gross prognostic 
evaluation of bladder carcinomas. 

Bretton et al. (1989) used flow cytometry for 
monitoring therapeutic response in bladder cancer 
patients treated with BCG. While a negative ex- 
amination was interpreted as evidence of thera- 
peutic response, a positive result was considered a 
predictor of tumor progression. 

Thus, rapid DNA flow cytometry appears to 
have value for bladder carcinoma screening in 
high-risk groups, for predicting invasive growth in 
Ta/T1 carcinomas, and for identifying tumor recur- 
rence and confirming response to conservative 
treatment. However, all the prognostic informa- 
tion derived from DNA flow cytometry can also be 
furnished by DNA single-cell cytometry. The latter 
procedure, moreover, usually permits a finer prog- 
nostic evaluation. 

Through the addition of further quantitative 
parameters to flow cytometry, it is hoped that the 
sensitivity and specificity of this procedure can be 
increased (Ley et al. 1989; Wright et al. 1989). 
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10.7 Automated Systems 


It has been an expressed goal of cytoautomation 
to develop machines for the automatic prescreen- 
ing of smears from the uterine cervix. With minor 
software modifications, these devices can also 
be used for the analysis of urinary sediment. 
Automated systems should assume the function of 
a cytologic assistant in the prescreening of cell 
smears, and do so at a consistently high perfor- 
mance level that is not degraded by fatigue. 
Additional requirements are a false-positive 
rate <10%, a false-negative rate <5%, the ability 
for a cytologist to check the machine diagnosis in 
the same specimen, a processing time of about 5 
min or less per specimen, a processing rate of ap- 
proximately 20 000 specimens per year, and a pro- 
curement cost below 500 000 DM (Sprenger 1985). 

Koss’ work with the TICAS system (Taxonomic 
Intra-Cellular Analytic System) achieved no bet- 
ter than a sensitivity of approximately 81% and 
specificity of approximately 78% using manual 
cell selection (Koss et al. 1975, 1978a,b, 1980). 
Similarly, use of the SAMBA system has not yet 
produced results that satisfy the requirements of 
an automated cytometric system (Brugal et al. 
1986). 

One development that could find use both for 
cytoautomation and for cytometrically assisted di- 
agnosis is the CAESAR system (Gahm and 
Aikens 1990). Preliminary results in 63 urine sam- 
ples indicate a sensitivity of 75% and specificity of 
80%. This system employs a Kontron IBAS 2 im-- 
age analysis system. The CAESAR system is not 
yet marketed commercially as a software-hard- 
ware unit. 

The most advanced automated system at pre- 
sent is the LEYTAS II system (or MIAMED- 
ACA) manufactured by the Wild-Leitz Co. 
of Wetzlar, Germany (Ploem etal. 1979). 
Sensitivity/specificity levels of 100%/83.5%, 


Table 10. 2. Accuracy rates of the conventional and DNA flowcytometric diagnosis of urothelial carcinoma in spontaneously 


voided urine according to reports in the literature 


Authors Cytologic Flow cytometry Cytology and 

sensitivity flow cytometry 
Sensitivity Specificity sensitivity 

(% ) (% ) (% ) (% ) 

Klein et al. (1982) 93 (n=208) 98 (n=100) 

Murphy et al. (1986) 75 (n=105) 78 (n=105) 78.6 (n=28) 95 (n=109) 

Badalament et al. (1986) 59.1 (n=60) 80.3 (n=66) 

Badalament et al. (1987) 61(n=70) 83 (n=70) 

Jitsukava et al. (1987) 43 (n=56) 73 (n=56) 80 (n=56) 
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98.3% /88.4%, and 92.4% /96.7% have been deter- 
mined for the automated screening of smears from 
the uterine cervix (Ploem 1989). Tanke et al. 
(1982) used the system for the automated screen- 
ing of urine samples and achieved a sensitivity of 
92.3% with a specificity of 84.1%. With the recent 
decision of the Wild-Leitz Co. to discontinue the 
development of image analysis systems for 
medicine, valuable developmental work invested 
in this outstanding system has been lost. There is 
little reason to expect that high-performance auto- 
mated cytometric systems will be offered on the 
European market in the foreseeable future. The 
routine clinical use of automated systems is further 
constrained by the costly and involved preparatory 
procedures needed to produce cellular specimens 
compatible with automated analysis. As a result, 
routine smears cannot yet be processed on auto- 
mated systems with satisfactory effectiveness. 
Until practical, cost-effective, automatic cyto- 
preparatory techniques become available, the rou- 
tine use of automated cytometric systems for mass 
screening will remain an elusive goal. 

Automated systems do have a limited role in an- 
alyzing the DNA distribution in tumor specimens 
for the purpose of determining prognosis (Stöckle 
et al. 1987). This task can be performed equally 
well by economical interactive systems, though 
these may require a somewhat greater investment 
of time. This drawback is offset, however, by the 
simpler technique of specimen preparation for in- 
teractive measurements. It is imperative that the 
pathologist be able to check at any time on the ac- 
tual cell population that is being measured. Today 
these systems are incapable of identifying specific 
cell populations like normal urothelial cells or con- 
nective-tissue cells as such with any degree of accu- 
racy. Automated systems are not yet able to pro- 
cess diagnostically questionable routine specimens 
with dysplasias or borderline lesions and classify 
them as malignant or benign by means of DNA cy- 
tometry. 


10.8 Indications for Diagnostic 
DNA Cytometry 


DNA measurements in urothelial carcinoma cells 
can provide more objective, more reproducible, 
and usually more prognostically relevant informa- 
tion than a conventional histologic or cytologic 
evaluation with malignancy grading. Thus, diag- 
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nostic DNA measurements are indicated when- 
ever an accurate prognostic assessment can influ- 
ence further diagnostic and therapeutic proce- 
dures. For example, the physician can use the DNA 
malignancy grade asa guide for determining further 
course of action following the transurethral resec- 
tion of a superficial bladder carcinoma. If the DNA 
malignancy grade is low, a wait-and-see approach 
is justified, whereas a high DNA malignancy grade 
may warrant adjunctive chemotherapy. Today, 
DNA measurements for prognostic purposes are 
obtained most easily, economically, and precisely 
by means of interactive single-cell cytometry. This 
can be performed on any tumor-cell-positive urine 
sample or washing and even on biopsy material. 
Since modern TV image analysis systems can mea- 
sure acell nucleus in less than 1 s, larger numbers of 
cells, which previously were reserved for flow cy- 
tometers, can be measured within minutes. But TV 
image analysis is superior to flow cytometry 
in that the examiner knows which cell popula- 
tions have been measured. The measurement of 
hypocellular samples (<10 000 cells) is also possi- 
ble by single-cell cytometry. 

In many cases of urothelial dysplasia, DNA cy- 
tometry also can establish a diagnosis of “prospec- 
tive malignancy” by the detection of aneuploid 
cells. This provides a means for the further and 
possibly definitive investigation of cytodiagnostic 
problem cases. Only interactive DNA single-cell 
cytometry is appropriate for this task, as it enables 
the cytologist to individually identify and classify 
the questionable cells. 

DNA flow cytometry offers a way to increase the 
generally unsatisfactory sensitivity of convention- 
al urinary cytology. Centers that possess such a sys- 
tem and the personnel to operate and maintain it 
can use DNA flow cytometry as a rewarding ad- 
junct to urinary cytology, especially for the screen- 
ing of high-risk subjects. Due to the high rate of 
false-positive diagnoses in urine and bladder wash- 
ings, however, the detection of aneuploidy by flow 
cytometry should always be corroborated by other 
investigations. 

Automated systems for the automatic screening 
of urinary sediment are still in the developmental 
stage. They are inappropriate for the determina- 
tion of prognostic DNA parameters in urothelial 
cells, which can be obtained more economically 
with interactive systems. | 
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11.1 Introduction 


In principle, urine is an ideal medium for the detec- 
tion for urothelial tumors. This is based in part on 
the exclusive contact of the urine with the excre- 
tory portion of the urinary tract, which permits a 
given volume of urine to bathe the tumor for up to 
several hours. Other advantages are that speci- 
mens can be collected noninvasively and in virtual- 
ly unlimited quantities. Urinary cytology and flow 
cytometry are techniques that exploit the advan- 
tages of this medium. Urinary cytology has become 
a particularly well established routine clinical 
modality in recent years and, together with cys- 
tourethroscopy, forms the second cornerstone in 
the diagnosis of transitional cell carcinoma (TCC) 
of the bladder. We know from experience, how- 


ever, that the sensitivity of urinary cytology is not 


always adequate, especially in the detection of 
well-differentiated tumors (Dubernard et al. 1982; 
Koss et al. 1985; Zein et al. 1984). Moreover, the 
interpretation of specimens can vary greatly de- 
pending on the experience of the examiner. 


“ This study was funded by the Federal Ministry for Research 
and Technology (01 GA 8701/7) and the Ministry for Science 
and Research of the state of North Rhine-Westphalia. 


The introduction of hybridoma technology has 
opened up entirely new approaches to the identifi- 
cation of tumor-associated parameters (Köhler 
and Milstein 1975). With this technique, it is possi- 
ble to develop monoclonal, determinant-specific 
antibodies that can detect molecular changes in tu- 
mor cells at a stage when signs of malignant trans- 
formation are not yet visible by light microscopy. 
In past years a number of scientists have used the 
hybridoma technique as a means of identifying 
antigens. that would be useful for the detection of 
urothelial tumor cells in urine (survey in Bander 
1987). 


11.2 Monoclonal Antibodies 


A major concern in tumor immunology is the 
search for antigenic structures by which tumor 
cells can be differentiated from normal cells. 
Attempts to achieve this goal by the use of hetero- 
logous antisera have failed due to the inadequate 
specificity of the polyvalent antisera and the asso- 
ciated cross-reactions that occur. The knowledge 
that every plasma cell produces a unique antibody 
has prompted numerous attempts to immortalize 
B cells in cultures. There are two possible ap- 
proaches to solving this problem: 


— The permanent growth of B cells can be stimu- 
lated by transforming the B cells with mutagens 
or viruses. 

— Immortalization can be accomplished by fusing 
B lymphocytes with a permanent cell line. This 
technique combines antibody production and 
perpetual growth in one hybrid cell. 


Kohler and Milstein successfully implemented the 
second solution in 1975 and were the first to pro- 
duce monoclonal, determinant-specific antibodies 
(MABs) to a desired antigen. At that time the cells 
were fused using inactivated Sendai virus, but to- 
day the cells are usually fused with polyethylene 
glycol (PEG), which is more efficient and easier to 
handle (Fig. 11.1). 
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Since a fusion experiment cannot cover all the cells, and fu- 
sions between cells occur in a statistical manner, formation of 
the desired fusion products of lymphocytes and myeloma 
cells (“hybridoma” cells) is accompanied by the formation of 
additional products from the fusion of myeloma cells and 
lymphocytes. While unfused lymphocytes and lymphocyte 
hybrids cannot proliferate in vitro, unfused myeloma cells or 
fusion products from myeloma cells can grow indefinitely and 
overwhelm the hybridoma cells. Köhler and Milstein solved 
this problem by adding a step that selectively killed the 
myeloma cells. They used a myeloma cell mutant that did not 
express the enzyme hypoxanthine guanine phosphoribosyl 
transferase (HGPRT). The key enzyme of an accessory 
metabolic pathway in purine biosynthesis, HGPRT catalyzes 
the conversion of hypoxanthine to inosine monophosphate 
and of guanine to guanosine monophosphate. After the main 
metabolic pathway has been blocked by the cytostatic drug 
aminopterin, the nucleic acids adenosine triphosphate and 
guanosine triphosphate can form only in cells that possess the 
enzyme HGPRT. Because normal lymphocytes are HGPRT- 
positive, hybridomas, unlike myeloma cells, can grow in the 
presence of aminopterin, provided the substrate for HGPRT, 
hypoxanthine, is present in sufficient quantities. Since 
aminopterin also blocks the conversion of deoxyuridine 
monophosphate to deoxythymidine monophosphate, the 


presence of thymidine is necessary for the production of de- . 


oxythymidine triphosphate via an accessory metabolic path- 
way. Köhler and Milstein called their selective medium HAT 
because it was composed of hypoxanthine, aminopterin and 
thymidine. Culturing the fused cells in HAT medium ensured 
that only hybridoma cells would survive (see Fig. 11.1). 


After the hybridomas have been grown, a prelimi- 
nary specificity analysis (screening) is done to iden- 
tify the hybridomas that produce a potentially use- 
ful antibody. This is an essential step, because 
several hundred hybridomas are generated in a 
single fusion experiment. As the culturing of so 
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Fig. 11.1. The production of 
monoclonal antibodies using 
hybridoma technology 


7. Expansion 


many hybridomas is prohibitive in terms of cost 
and labor, screening is done to eliminate hybrido- 
mas that definitely do not produce a useful anti- 
body. Immunoassays or the immunohistochemical 
examination of selected tissue sections are the 
methods most commonly employed. 

The hybridomas that are left after screening are 
cloned. Cloning (isolating) the cells ensures that 
the results of the screening tests are indeed based 
on the binding of one MAB andare not caused bya 
mixture of several antibodies. Cloning also serves 
another important function. Cellular fusion always 
yields a genetically unstable hybrid. The elimina- 
tion of excess chromosomes or chromosomal frag- 
ments is a common event. If this process affects 
genes that play a key role in antibody production, 
the cell will suspend production of the antibodies. 
Such nonproducer cells require less energy to grow 
and thus can overwhelm hybridoma cells that con- 
tinue to produce antibodies. 

The final step in the production of MABs is an 
intensive immunohistochemical and immunocyto- 
logic specificity analysis. If the screening results are 
confirmed and the specificity tests indicate a useful 
antibody, the cells can now be grown in mass cul- 
ture, and antibody-containing supernatant can be 
harvested from the cell cultures. 

Hybridoma technology can be used to generate 
MABs to any desired antigens, thereby avoiding 
the problem of quality fluctuation in antiserum 
batches. The major impact of this technique on the 
biosciences in general was acknowledged by the 
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awarding of the Nobel Prize for Medicine in 1984, 
just 9 years after the technology was first de- 
scribed. 


11.3 Monoclonal Antibodies Directed 
Against Urothelial Tumors 


Since the advent of hybridoma technology, a num- 
ber of scientists have worked to develop mono- 
clonal antibodies directed against urothelial tu- 
mors (Bander 1987). Information on some of these 
MABS is presented in Table 11.1. The first report 
on the production of MABs reactive with urothe- 
lial tumors was published by Grossman in 1983. 
The two antibodies, designated A8 and A80, were 
directed against antigens of the cell line RT4, 
which was used for immunization. 

Shortly thereafter, Fradet et al. (1984) reported 
on the production of several monoclonal antibod- 
ies directed against urothelial tumors. Two of these 
antibodies reacted best with moderately or poorly 
differentiated TCCs. 


A glycoprotein with a molecular weight of 85 kD, the anti- 
gen identified by MAB T43 was expressed not just on 
urothelial tumors but also on proximal tubular epithelium, 
epidermis, and lymphocytes. MAB 1138 is also directed 
against a glycoprotein (gp 25). Cross-reactions were noted 
with endothelial cells of blood vessels and lymphatics. 
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Arndt et al. (1987) reported on MAB 486 P 3/12, 
which is directed against a tumor-associated anti- 
gen of bladder carcinoma. The percentage of anti- 
gen-positive cells in the specimen varies from tu- 
mor to tumor, showing no apparent correlation 
with the grade of tumor malignancy. 


The antigen was not detected in only one of the 19 grade 2 tu- 
mors that were studied. The corresponding antigen is also 
present on some cells of the normal bladder mucosa and on 
other normal lymphatic tissues, granulocytes, gastrointesti- 
nal mucosa, and endometrium. Renal tumor cells and ali- 
mentary tract tumors also express the antigen identified by 
MAB 486 P. Biochemically, the antigen is a glycoprotein with 
a molecular weight of 200 kD that apparently belongs to the 
family of CEA proteins. 


MAB Due ABC 3, produced by Schmitz-Dräger 
et al. (1988), likewise detects an antigen that is pre- 
sent on most cells in various urothelial tumors but 
also may occur on normal urothelial cells 
(Figs.11.2, 11.3). The antigen-positive cells are 
present to varying degrees in the various tumors in- 
vestigated. In contrast to the antigen recognized by 
MAB 486 P 3/12, the antigen detected by Due 
ABC 3 appears to have a greater degree of expres- 
sion in poorly differentiated tumors. 


The antigen is present on various normal tissues such as 
granulocytes, colon epithelium, proximal tubular epitheli- 
um, and various tumor cells of nonurothelial origin such as 
renal tumors and breast carcinoma. Biochemically, the anti- 
gen identified by MAB Due ABC 3 isa ganglioside (Decken 
et al. 1992). 


Table 11.1. Monoclonal antibodies directed against transitional cell tumors 


Antibody Immunogen Antigen 

(subclass) 

A2 (IgG1) RT4 ? 

A80 (IgG1) RT4 ? 

T43 (IgG1) T24 ep 85 

T138 (IgM) T24 gp 25 

G4 (IgM) ? gp 80 

E7 (IgM) ? ? 

486 P 3/12 (IgM) 486 P gp 200 

Due ABC 3 (IgM) SW 1710 Gang- 
lioside 

BLCA-8 (IgG3) UCRU-BL-17CL Glyco- 
lipid 


aNo immunohistochemical specificity analysis. 
> Not further specified. 


Specificity Study 
(besides TCC) 
Exclusively RT4 cells? Grossman (1983) 


Various cell lines? 


Proximal tubular epithelium, 
epidermis, lymphocytes 
Vascular and lymphatic endothelium 


16 Normal tissues and 14 neoplastic 


' tissues of various origins negative 


16 Normal tissues and 14 neoplastic 
tissues of various origins negative> 


Various normal and neoplastic tissues, 
occasionally normal urothelium 


Various normal and neoplastic tissues, 
occasionally normal urothelium 


Exclusively tumor cell lines 
of urothelial origin? 


Fradet et al. (1984) 


Chopin et al. (1985) 


Arndt et al. (1987) 


Schmitz-Drager 
et al. (1988) 


Walker et al. (1989) 
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Monoclonal antibody BLCA-8 was recently described by 
Walker et al. (1989). The antibody was reactive with freshly 
cultured urothelial tumor cells and cell lines of urothelial 
origin but not with various cell lines of other origin. The arti- 
cle presents no further data on specificity, especially in tissue 
section. The authors report that the corresponding antigen is 
a glycolipid. 


11.4 Immunocytology 


Although a number of monoclonal antibodies di- 
rected against TCCs have been produced in recent 
years, Only a few reports have been published on 
the use of such antibodies to diagnose TCC 
(Chopin et al. 1985; Huland etal. 1987, 1988; 
Sheinfeld et al. 1990; Walker et al. 1989). It is note- 
worthy that all of these reports concern the im- 
munocytologic use of monoclonal antibodies. 
Apparently, the detection of tumor-associated 
antigens in the urine itself has met with formidable 
difficulties. Although such a test would be advan- 
tageous because it could be standardized, direct 
detection in fresh urine does not appear feasible 
for most of the antibodies cited above because of 
cross-reactions with other cells occurring in urine, 
such as granulocytes and macrophages. 

Most of the antibody studies published to date 
have used bladder washings as the medium for im- 
munocytologic analysis (Chopin etal. 1985; 
Huland et al. 1987, 1988; Sheinfeld et al. 1990). 
Compared with voided urine, bladder washings of- 
fer the advantages of better cellular preservation 
and a higher cell yield. Much as in flow cytometry, 
these parameters play an important role in im- 
munocytology. On the other hand, the bladder 
must be catheterized to obtain the irrigation speci- 
men, so this method, like cystourethroscopy, is an 
invasive procedure. It is especially burdensome for 
patients who, for clinical reasons, require serial cy- 
tologic monitoring. It remains to be determined, 
then, whether the advantages of examining blad- 
der washings as opposed to voided urine will out- 
weigh the disadvantages for the patient. 


11.4.1 Bladder Wash Immunocytology 


Chopin et al. (1985) first reported on the use of 
monoclonal antibodies to detect malignant urothe- 
lial cells in bladder wash specimens. Using the anti- 
bodies G 4 and E 7, they found immunocytologi- 
cally positive tumor cells in 14 of 18 specimens 
from patients with known bladder tumors. They 
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found no antigen-positive urothelial cells in wash- 
ings from 13 of 15 controls. 

Further observations on the use of monoclonal 
antibodies in urinary cytology were published by 
Huland et al. (1987). Although, as noted earlier, 
MAB 486 P 3/12 is not directed against a tumor-as- 
sociated antigen in the true sense, an initial study in 
40 patients with bladder tumors showed that use of 
this antibody can improve the sensitivity of the cy- 
tologic evaluation. Because the antigen gp 200 may 
occasionally be expressed on normal urothelial 
cells as well, it is considered normal for up to 30% 
of urothelial cells to exhibit a positive reaction. 


Immunocytologic studies using MAB 486 P 3/12 yielded 

true-positive results in 36 of 40 patients with bladder carci- 
noma, whereas only 17 of these cases were positive by con- 
ventional urinary cytology. In another series of 104 patients, 
immunocytology correctly identified 60 of the 69 patients 
with bladder tumors (87%). A parallel determination of 
DNA content using flow cytometry and conventional cyto- 
logic analysis yielded positive results in 32 (46%) and 37 

(54% ) of the patients. | 


It is noteworthy that the sensitivity of immunocy- 
tology, unlike that of cytometry and conventional 
urine cytology, did not increase with the grade of 
tumor malignancy (see Table 11.4). Indeed, the ac- 
curacy of immunocytology, at 89%, was slightly 
better for the more highly differentiated grade 1 
and 2 tumors than for grade 3 malignancies (78% ). 
The specificity of the three methods was tested in 
35 patients who did not have urothelial tumors. 
Immunocytologic and flow cytometric findings 
were suspicious for carcinoma in three patients, 
and cytologic findings were suspicious in four pa- 
tients. This corresponds to a specificity of 91% for 
immunocytology and flow cytometry and 89% for 
conventional cytology. 

The Lewis X antigen or CD 15 antigen is a cell- 
surface differentiation antigen that is carried on ei- 
ther protein or lipid moieties of various normal and 
malignant cells (Itzkowitz et al. 1986; Rettig et al. 
1985). 


Its immunogenic structure is the trisaccharide galactose B 
1-4 (fucosel-3) N-acetylglucosamine (Itzkowitz et al. 
1986). Studies at the Memorial Sloan-Kettering Cancer 
Center in New York have shown that the Lewis X antigen oc- 
curs on transitional cell carcinomas but not on normal 
urothelial cells except for occasional umbrella cells 
(Cordon-Cardo et al. 1988). Figure 11.4 shows a MAB di- 
rected against the Lewis X antigen binding to tumor cells of a 
poorly differentiated TCC of the bladder. 


Sheinfeld et al. (1990) investigated bladder wash 
specimens from 76 patients with histologically con- 
firmed transitional cell carcinoma and 40 controls 
undergoing cystoscopy for reasons other than 
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Fig. 11.2. Immunoperoxidase reac- 
tion of monoclonal antibody Due 
ABC 3 ona frozen section from a 
moderately to poorly differentiated 
bladder carcinoma 


Fig. 11.3. Immunoperoxidase reac- 
tion of monoclonal antibody Due 
ABC 3 ona frozen section from nor- 
mal urothelial tissue. The antibody 
reacts with granulocytes in the sub- 
mucosa and with scattered super- 
ficial urothelial cells 


Fig. 11.4. Immunoperoxidase reac- 
tion of monoclonal antibody P-12 on 
a frozen section from a poorly differ- 
entiated bladder carcinoma, showing 
large areas of antigen-negative tu- 
mor cells. (Courtesy of Dr. V. Reuter, 
Memorial Sloan-Kettering Cancer 
Center, New York) 
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bladder tumor. The anti-Lewis X MAB P-12 was 
used for the immunocytologic analysis (Fig. 11.5). 
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A positive Lewis X result (specimen containing five or more 
antigen-positive cells) was noted in 67 of the 76 patients 
(88% ) with TCC. Twelve of the 14 patients (86% ) with well- 
differentiated TCC were immunocytologically positive, 


while urinary cytology was positive in only one of these cases. 


(7% ). Six of the 40 specimens from patients with no evidence 
of TCC were found to contain more than five antigen-posi- 
tive urothelial cells (specificity=85% ). It is noteworthy that 
five of the six patients who were immunocytologically posi- 
tive had an adenocarcinoma of the prostate. 
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Fig. 11.5. Immunocytology of a mod- 
erately differentiated bladder carci- 
noma with monoclonal antibody P- 
12. (Courtesy of Dr. V. Reuter, 
Memorial Sloan-Kettering Cancer 
Center, New York) 


“ 


Fig. 11.6. Immunocytology of a mod- 
erately differentiated bladder carci- 
noma with monoclonal antibody Due 
ABC3 


11.4.2 Voided Urine Immunocytology 


Walker et al. (1989) published the first preliminary 
reports on the use of voided urine for immunocyto- 
logic analysis. Investigating eight specimens from 
patients with advanced TCC, they were able to de- 
tect antigen-positive urothelial cells in all the spec- 
imens using MAB BLCA-8. Since only a limited 
number of specimens from patients with advanced 
urothelial tumors were evaluated, further studies 
are needed to substantiate the value of this assay. 
We recently conducted a prospective study of 
134 specimens to assess the clinical value of MAB 
Due ABC 3 for the immunocytologic analysis of 
voided urine (Schmitz-Dräger et al. 1992). We in- 
vestigated 74 specimens from patients with histo- 
logically proven TCC and 60 specimens from 
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Table 11.2. Sensitivity and specificity of conventional cytol- 
ogy and immunocytology using monoclonal antibody Due 
ABC 3 in the diagnosis of urothelial tumors. Analysis of 
74 specimens from patients with urothelial tumors and 
60 specimens from controls 


Method TCC (n=74) Control (n=60) 
True-positive (%) True-negative (% ) 

Conventional 

cytology 35 (47) 55 (92) 

Immunocytology 49 (66) 35 (58) 

Conventional 

cytology and/or 

immunocytology 56(76) 53 (88) 


TCC, transitional cell carcinoma. 


donors with no clinical evidence of urothelial carci- 
noma. A conventional cytologic evaluation accom- 
panied the immunocytologic workup. Figure 11.6 
shows the cytologic and immunocytologic speci- 
men from a patient with a moderately differentiat- 
ed bladder carcinoma. 


11.4.2.1 Methods 


Since urothelial cells become necrotic on prolonged contact 
with urine, morning urine should not be used, and the speci- 
men should be processed as rapidly as possible. Immediately 
after collection, approximately 10 ml of urine is centrifuged 
for 5 min at 400 g. The supernatant is discarded, and the pellet 
is resuspended in RPMI 1640 culture medium with no serum 
added and cytocentrifuged (Hettich, Tuttlingen) for 3 min at 
400 g onto a glass slide coated with poly-L-lysine (so the cells 
will not dislodge during further processing). The specimen is 
fixed with 1% formaldehyde and 4.5% acetone in phosphate- 
buffered saline (PBS) for 2 min. Preliminary tests showed 
that this fixation method does not cause destruction of the 
antigen. To inhibit endogenous peroxidases, the specimens 
are treated with 0.45% H20, in methanol for 30 min at 4 °C 
and then washed three times for 10 min in PBS. Nonspecific 
binding of the antibody is suppressed by treating the speci- 
mens with 5% rabbit serum in RPMI 1640 at room tempera- 
ture for 10 min, followed by incubation with MAB Due ABC 
3 (tissue culture supernatant) for 30 min at room tempera- 
ture. The specimens are then washed three times for 10 min 
in PBS, and 0.1 ml of peroxidase-labeled rabbit antimouse 


IgG and IgM antiserum (Jackson Immune Research | 


Laboratories, Westgrove, PA) is added to each. The anti- 
serum is used in a dilution of 1:200in PBS (with 10% fetal calf 
serum). The specimens are incubated at room temperature 
for 30 min. After washing again, 3,3’-diaminobenzidine 
(0.1% in Tris buffer containing 0.03% HO ) is added as asub- 
strate for the peroxidase. The enzyme reaction is run for 
10 min in total darkness at room temperature. Then the spec- 
imens are counterstained with hemalum for 10 s. The slides 
are mounted with Depex, andthe percentage of antigen-posi- 
tive cells is determined by light microscopic examination. 
More than 100 cells, if present, are counted. To determine the 
actual percentage of antigen-positive cells, itis customary, for 
statistical reasons, to count 100 urothelial cells. Specimens 
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with fewer than 50 urothelial cells are not evaluated. 
Hybridoma medium is used as a negative control, and serum 
from mice previously immunized with the bladder tumor cell 
line SW 1710serves asa positive control. Preliminary tests are 
performed to establish a cutoff value for positive-negative 
discrimination. In the study described below, we used a cutoff 
value of 20%, meaning that specimens with more than 20% 
antigen-positive cells were classified as pathologic. 

This method is very similar to that described by Huland 
et al. (1987) and differs from it only in the fixation and stain- 
ing of the cells. Instead of peroxide-labeled antimouse Ig an- 
tiserum, Huland et al. (1987) used an alkaline phosphatase- 
coupled antiserum to demonstrate antibody binding. 
Sheinfeld et al. (1990) used a similar method, except that 
they smeared the sediment onto a slide; this is an option 
when a cytocentrifuge is not available. 

Some antigens are denatured by the fixation process. If 
the selected MAB is directed against such an antigen, one 
can apply the technique of Chopin et al. (1985) in which the 
urine sediment is incubated with the MAB prior to cytocen- 
trifugation and fixation. 

The technique described by Walker et al. (1989) differs 
substantially from that of other investigators. In this method 
the centrifuged urine sediment is resuspended and embed- 
ded in agarose. A fluorescein-conjugated antiserum is used 
to demonstrate binding of the MAB. The advantage of this 
technique is that it provides a three-dimensional agar-em- 
bedded cellular array in which the examiner can focus on 
and evaluate individual cells. While this may be advanta- 
geous for scientific inquiries, however, screening a three-di- 
mensional gel medium for individual urothelial cells would 
not be practical for routine clinical evaluations. 


11.4.2.2 Results 


In three of the 74 specimens (4% ) from patients with TCC, 
we were unable to detect urothelial cells (Fig. 11.7). Sixteen 
of the 74 specimens (22% ) were not evaluable by immuno- 
cytology due to an insufficient number of urothelial cells 
(<50), cellular degeneration, pyuria, or gross hematuria. 

Five of the 60 cytologic specimens (8% ) from the controls 
could not be evaluated (Fig.11.8). Four specimens con- 
tained no urothelial cells, and in one case severe leuko- 
cyturia precluded adequate evaluation. Eighteen of the im- 
munocytologic specimens (30% ) could not be evaluated due 
to an insufficient number of urothelial cells (<50), cellular 
degeneration, severe leukocyturia, or gross hematuria. 

We observed more than 20% antigen-positive urothelial 
cells in 49 of the 74 specimens (66% ) from patients with TCC 
(Table 11.2). Figure 11.9 shows the immunocytologically de- 
termined percentage of antigen-positive urothelial cells in 
58 evaluable specimens from patients with TCC and in 
42 evaluable specimens from controls. Tumor cells were cor- 
rectly detected by conventional urine cytology in 35 (47%) 
of these specimens. 

Consistent with previous publications, we found that the 
sensitivity of conventional cytology correlated with the 
grade of tumor malignancy (Table 11.3) (Dubernard et al. 
1982; Koss et al. 1985; Zein et al. 1984). The sensitivity of cy- 
tology was least satisfactory in the diagnosis of well-differen- 
tiated (grade 1) tumors. The sensitivity of immunocytology 
was comparable for grade 1 and grade 2 malignancies (57% 
and 53%, respectively) and was 79% for poorly differentiat- 
ed grade 3 tumors (Fig. 11.10). 
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Cytology Immunocytology 
Evaluable Evaluable 
96 % 18% 
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> 5% | 
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No urothelial cells <50 urothelial cells 
4% 8% 


Fig.11.7. Prospective study of 74 cytologic and immuno- 
cytologic specimens from patients with urothelial tumors. 
Nonevaluable specimens: percentage and reasons 


Cytologic examination did not reveal tumor cells in any of 
the 55 evaluable specimens from the controls, correspond- 
ing toaspecificity of 92% (see Table 11.2). Immunocytology, 
on the other hand, showed an elevated number of antigen- 
positive cells in seven specimens. Since 18 additional speci- 
mens could not be evaluated, the specificity of immunocytol- 
ogy was 58%. The efficacy of both methods based on the 
calculated specificity, sensitivity, and incidence of disease in 
the study population was 67% for conventional cytology and 
47% for immunocytology. 

The sensitivity of cytology and immunocytology could be 
improved by combining the results of both techniques (see 
Tables 11.2, 11.3). By using this approach, we could correctly 
classify 34 of the 35 specimens (97%) from patients with 
poorly differentiated TCC and 13 of 21 specimens (62% ) 
from patients with well-differentiated tumors. Overall, 56 of 
the 74 specimens (76% ) from patients with TCC were posi- 
tive by cytology, immunocytology, or by both methods. The 
combined specificity of cytology and immunocytology was 
88% (53 of 60 specimens). 

Table 11.4 summarizes the results in 100 specimens that 
could be evaluated by immunocytology. For comparison, the 
results for all 134 specimens and the results of Huland et al. 
(1988) and Sheinfeld etal. (1990) are also shown. 
Immunocytology showed a sensitivity of 84% in evaluating 
the 58 specimens from patients with TCC. When just these 
specimens are considered rather than all 74, sensitivity was 
only slightly improved by combining the results of cytology 
and immunocytology. This means that when all 74 specimens 
are considered, the improved sensitivity is based mostly on 
the large number of specimens not evaluable by immunocy- 
tology. Inmunocytology showed a specificity of 83% in the 
42 evaluable specimens from controls. The table shows that 
the results of the 100 immunocytologically evaluable speci- 
mens agree very closely with the results of Huland et al. and 
Sheinfeld et al. 
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Fig.11.8. Prospective study of 60 cytologic and immuno- 
cytologic specimens from patients with no clinical evidence 
of TCC. Nonevaluable specimens: percentage and reasons 


11.5 Discussion 


The increased risk of tumor recurrence in patients 


with a TCC calls for the use of sensitive diagnostic 
methods in the follow-up of these patients. 
Noninvasive techniques are desired, especially in 
cases where close surveillance is necessary on clini- 
cal grounds. A procedure that is accurate, noninva- 
sive, and well-tolerated would represent a signifi- 
cant clinical advance in this area. Because 
cystoscopy is an effective but invasive procedure 
for verifying the diagnosis of bladder tumor, it is 
imperative that potential screening tests combine 
noninvasiveness with a high degree of sensitivity. 

The studies by Huland et al. (1988), Sheinfeld 
et al. (1990), and our own study (Schmitz-Drager 
et al. 1991) have consistently demonstrated that im- 
munocytology is avery sensitive test (see Table 11.4). 
All three studies have shown that immunocytology 
is superior to conventional cytology in the diagnosis 
of well-differentiated malignancies. Combining the 
results can enhance the sensitivity of both methods 
without causing significant loss of specificity. 

The three studies cited above have a number of 
features in common. The most striking is the simi- 
larity of the monoclonal antibodies that were used. 
None of the antibodies — 486 P 3/12, P-12, Due 
ABC 3 — are directed against tumor-specific anti- 
gens (Arndt et al. 1987; Cordon-Cardo et al. 1988; 
Decken et al. 1992). Specificity analysis and the 
characterization of the antigens indicate that they 
define related antigenic structures, apparently dif- 
ferentiation antigens that may be expressed in 
small amounts even on normal urothelial cells. 
This underscores the need for a quantitative 
method of immunocytologic evaluation. 
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Fig.11.9. Immunocytologic results of 58 evaluable speci- 
mens from patients with urothelial tumors and 42 specimens 
from controls. Percentage of antigen-positive urothelial 
cells. O, Specimens from patients with urothelial tumors; 
* control group 


Studies by Hakomori (1984) have shown that the transfor- 
mation of urothelial cells is associated with changes in the 
glycosylation of membrane proteins or membrane lipids. 
The suppression of glycosyltransferases leads to a loss of 
normally expressed antigens (Liu et al. 1987). A familiar ex- 
ample is the loss of the ABO blood-group isoantigens in 
poorly differentiated TCC (Catalona 1981). Conversely, the 
activation of glycosyltransferases can lead to the expression 
of new or altered carbohydrate chains and, by altering mem- 
brane proteins or lipids, to changes in the membrane struc- 
ture. The antigens defined by monoclonal antibodies 486 P 
3/12, P-12, and Due ABC 3 appear to be carbohydrate struc- 
tures whose expression is induced or amplified by the trans- 
formation of the urothelial cells (Arndt et al. 1987; Cordon- 
Cardo et al. 1988; Decken et al. 1992). 


An interesting aspect of immunocytology is that 
the results are independent of the examiner. 
Evaluation of the same specimen by multiple inde- 


Table 11.3. Sensitivity of conventional cytology and im- 
munocytology using monoclonal antibody Due ABC 3in the 
diagnosis of various grades of urothelial tumors. Analysis of 
74 specimens from patients with histologically proven 
urothelial carcinoma 


Method Sensitivity (% ) 
Grade 1 Grade2 Grade3 
(n=21) (n=19) (n=34) 
Conventional 
cytology 3 (14) 8 (42) 24 (71) 
Immunocytology 12 (57) 10 (53) 27 (79) 
Conventional 
cytology and/or 
immunocytology 12 (57) 10 (53) 34 (97) 
Total 21 19 34 
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Fig.11.10. Immunocytologic results of 58 evaluable speci- 
mens from patients with various grades of urothelial tumor. 
O, grade 1 TCC; A, grade 2 TCC; *, grade 3/4 TCC 


pendent examiners has shown a good reproducibil- 
ity of results for monoclonal antibodies 486 P 3/12 
and Due ABC 3. In the study by Huland et al. 
(1988) and in our own study (Schmitz-Dräger et al. 
1991), the immunocytologic specimens were inter- 
preted by personnel with no previous specialized 
training in pathology or cytopathology. Urothelial 
cells were simply differentiated from other cells 
such as leukocytes, erythrocytes, and squamous 
epithelium; they were not further differentiated 
into umbrella cells and cells of the superficial or 
deeper mucosal layers. This could partly account 
for the high cutoff value in these two studies com- 
pared with the study by Sheinfeld et al. (1990). 
Huland et al. (1988) regarded more than 30% anti- 
gen-positive cells as pathologic, while Schmitz- 
Dräger et al. (1991) used a threshold of 20%. In the 
study by Sheinfeld et al. (1990), the specimens 
were interpreted by a pathologist. Umbrella cells 
reactive with the MAB used were disregarded. 
Specimens containing five or more antigen-posi- 
tive urothelial cells were classified as positive in 
this study. 


The disadvantages of immunocytology are as fol- 

lows: 

1. Immunocytologic specimens are more costly to 
prepare than cytologic specimens. 

2. A significant percentage of voided urine speci- 
mens are not evaluable. 

3. A substantial cost factor would be associated 
with the broader use of monoclonal antibodies. 
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Table 11.4. Sensitivity and specificity of immunocytology. Comparison of prospective studies 


Study Sensitivity Specificity 
(%) (%) 
G1 G2 G3 G1-3 
Huland et al. (1988) 16/18 (89) 33/37 (89) 11/14 (78) 60/69 (87) 32/35 (91) 
Sheinfeld et al. (1990) 12/14 (86) 55/62 (89) 67/76 (88) 34/40 (85) 
Schmitz-Dräger et al. (1990) 
134 Specimens? 12/21 (57) 10/19 (53) 27/35 (77) 49/74 (66) 35/60 (58) 
100 Specimens> 12/14 (86) 10/16 (62) 27/28 (96) 49/58 (84) 35/42 (83) 


4 Of the 134 specimens that were analyzed in the prospective trial, 100 could be evaluated by immunocytology. 


> Results of 100 immunocytologically evaluable specimens. 


It should be considered, however, that immunocy- 
tology is still a very new method of diagnosing 
urothelial tumors that is still in the clinical testing 
stage and whose potential should not be underesti- 
mated. For example, the percentage of specimens 
nonevaluable due to insufficient cell numbers can 
perhaps be reduced or eliminated by processing 
larger urine volumes. Also, the development of 
standardized test kits with ready-to-use compo- 
nents should greatly simplify the relatively com- 
plex process of specimen preparation for immuno- 
cytologic analysis. Thus, solutions to the technical 
problems of immunocytology appear to be within 
reach. 

Even with automation, the immunocytologic ex- 
amination will probably always be significantly 
more costly than a conventional cytologic workup. 
To keep additional costs down, further prospective 
trials are needed to identify the specific patient 
groups that can benefit from an immunocytologic 
evaluation. 

Evidence to date indicates that immunocytology 
will be a particularly useful adjunct to convention- 
al cytology in patients with highly differentiated 
tumors. But even with moderately and poorly dif- 
ferentiated TCCs, the sensitivity of conventional 
cytology can be increased by adding an immunocy- 


tologic examination. The combination of both 


studies should significantly improve the noninva- 
sive diagnosis of urothelial tumors. 


11.6 Outlook 


It is noteworthy that none of the MABs that have 
been widely used for immunocytology are “tumor- 
specific” in the true sense, yet the results achieved 


with these antibodies have been relatively good. It 
is reasonable to expect that even better results will 
be achieved by the development of new, more spe- 
cific MABs. The production of such antibodies is 
not without problems, however. Attempts during 
the past decade to produce murine MABs directed 
against tumor-specific antigens have shown that 
the antibodies obtained are frequently directed 
against the strongly antigenic carbohydrate chains 
on the cell surface. It has not been possible to pro- 
duce the desired tumor-specific MABs by the ap- 
plication of classic hybridoma technology. 

Molecular biology appears to offer promising 
new approaches. Complicated techniques such as 
“subtractive hybridization” provide a means of 
identifying the mRNA of all proteins that are ex- 
pressed in tumor cells but not in normal, nontrans- 
formed cells. Once this has been determined, mon- 
oclonal antibodies directed against likely target 
proteins can be produced by either the classic 
method or by genetic engineering. 

Because immunocytology is examiner-indepen- 
dent, it should be possible to automate the test pro- 
cedure. The MABs previously used in immuno- 
cytology all exhibit cross-reactivity with 
granulocytes. Automated immunocytology would 
require a means of discriminating between urothe- 
lial cells and other antigen-positive cells in the 
urine. Studies by Hijazi et al. (1989) suggest that 
this problem can be solved by employing flow cy- 
tometry and appropriate MABs. These authors 
analyzed the expression of cytokeratin 18 in 
urothelial tumors, using a MAB directed against 
cytokeratin 18 to investigate 76 tumor specimens 
and ten biopsies of normal bladder mucosa. The 
DNA content and malignancy grade of the tumor 
specimens were simultaneously determined. 
Hijazi et al. (1989) observed a significant correla- 


Immunocytology of Urothelial Tumors 


tion between the expression of cytokeratin 18, 
DNA content, and tumor grade. On the basis of 
these results, adaptation of this procedure to im- 
munocytology appears feasible. Depending on the 
MABs selected, such a system would provide a 
valuable source of diagnostic and prognostic infor- 
mation. 
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12.1 Quantitative Analysis 


Initially, the use of monoclonal antibodies (MABs) 
for clinical diagnosis met with serious difficulties. 
In the early 1980s we discovered that, contrary to 
several published reports, monoclonal antibodies 
were not tumor-specific, i.e., they did not react ide- 
ally with all the tumor cells in a given type of neo- 
plasm (e.g., bladder carcinoma), and they were re- 
active to a degree with healthy cells (e.g., normal 
bladder) (Arndt et al. 1987). When we tested 15 of 
the best-documented MABs to bladder tumor 
antigen, we found that none of the antibodies test- 
ed were tumor-specific or organ-specific (Huland 
et al. 1991). To date, researchers have been unable 
to develop tumor-specific antibodies in man that 
react exclusively with the cancerous tissue in an or- 
gan and do not react with healthy cells. The few or- 
gan-specific markers, such as PSA, are not tumor- 
specific and additionally react with prostatic 


cancer cells and with cells of the BPH and normal 


prostate. 

Another problem we noted at that time was the 
fact that MABs rarely reacted homogeneously 
with all the constituents of a bladder carcinoma 
(Fig. 12.1), but usually exhibited a heterogeneous 
labeling pattern (Fig.12.2) (Arndt etal. 1987). 
Also, all the MABs were reactive to a degree with 
normal bladder cells (Fig. 12.3) (Arndt et al. 1987; 
Huland et al. 1991). This foiled initial attempts to 
use MABs for the urinary immunocytologic diag- 
nosis of tumors, at least if the presence of antigen- 


positive cells is to be considered a positive finding 
and the absence of antigen-positive cells a negative 
finding. 

Positive (MAB-binding) cells were commonly 
found in the urine of healthy subjects. The real 
breakthrough in the use of monoclonal antibodies 
in urinary cytology came when we detected a quan- 
titative difference in the urine sediment specimens 
from tumor patients and controls (Huland et al. 
1987) (Fig. 12.4). On comparing the specimens, we 
found that in virtually all cases less than 30% of the 
exfoliated transitional cells in specimens from 
healthy subjects reacted with MAB 486 p 3/12. At 
the same time, more than 30% of the counted tran- 
sitional cells reacted with the MAB in 90% of all 
the tumor patients tested. 

Years of experience with our MAB 486 p 3/12 
and with MABs from other centers indicate that, 
for the present, our method of quantitative urinary 
immunocytology (QUIC) holds the only key to the 
successful use of MABs in the diagnosis of bladder 
tumors (Huland et al. 1987). Immunofluorescent 
techniques, though widely used to demonstrate an- 
tibody binding owing to their technical simplicity, 
are poorly suited for quantitative studies because 
they do not permit a morphologic evaluation of the 
labeled urothelial cells. 

We have tested the majority of MABs directed 
against a bladder tumor-associated antigen that 
were described in publications up to 1986. Of the 
comprehensive comparative studies that we per- 
formed with these antibodies, here we shall pre- 
sent only the results of quantitative immunocyto- 
logic analyses (Fig. 12.5). Each of the 15 antibodies 
was tested on urine specimens obtained from 
20 patients with bladder tumors, 14 patients with 
prostatic adenoma, and 13 patients with urolithia- 
sis. We made the following discoveries (Huland 
et al. 1991): 


pà 


. None of the antibodies is tumor-specific. 
. Monoclonal antibodies are useful for the diag- 
nosis of bladder tumors only if the principle of 


quantitative analysis is applied. 


. Several of the antibodies provide good quantita- 


tive discrimination between urine samples from 
bladder tumor patients (top row in Fig. 12.5) and 
patients without bladder tumors (middle row in 
Fig. 12.5). 


.Some antibodies concurrently stain urinary 


leukocytes, and others do not. 


. All the antibodies define different antigens. 
. All the antibodies are highly reactive with ep- 


ithelial cells in urine samples from urolithiasis 
patients (bottom row in Fig. 12.5). 
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Fig. 12.1. Immunohistologic 
Staining of a grade 2 transitional 
cell carcinoma with MAB 486 p 
3/12 (immunoperoxidase reac- 
tion): homogeneous staining of 
all tumor constituents 


Fig.12.2. Immunohistologic 
Staining of a grade 2 transitional 
cell carcinoma with MAB 486 p 
3/12 (immunoperoxidase reac- 
tion): nonhomogeneous or het- 
erogeneous labeling of the tumor 
constituents with antigen-posi- 
tive and antigen-negative areas 


12.2 Practical Guidelines 
on the QUIC Technique 


QUIC can be performed on a bladder wash speci- 
men or spontaneously voided urine. The sample is 
centrifuged at 2000 rpm, washed once with PBS 
(phosphate-buffered saline), and cytocentrifuged. 
The cytocentrifuge specimen may be processed 
further immediately after air drying, or, if several 
specimens are to be stained at once, it can be 
frozen, freeze-dried (lyophilized), and vacuum- 
sealed in plastic for storage and later processing. 
This technique is particularly recommended in set- 
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Fig. 12.3. Immunohistologic staining of normal bladder mu- 
cosa with MAB 486 p 3/12: immunoperoxidase reaction. 
Note the staining of isolated umbrella cells 


Fig.12.5. Fifteen monoclonal antibodies: percentage of 
antibody-binding urothelial cells in bladder washings from 
patients with a bladder tumor (n=20), prostatic adenoma 
(n=14), and urolithiasis (n=13) 
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Fig.12.4. Quantitative immunocytology with MAB 486 p 
3/12 (data in percent). Group I: 40 patients with transitional 
cell carcinoma of the bladder. Group II: 41 patients with uri- 
nary tract infection or benign prostatic hypertrophy. Group 
III: 41 patients who underwent complete removal of a blad- 
der tumor, received mitomycin C instillation for prophylax- 
is, and had no evidence of local recurrence. Group IV: 
39 patients who underwent removal of a superficial bladder 
tumor, received no prophylaxis, and had no endoscopic evi- 
dence of a recurrence 
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tings where large urine sample volumes are rou- 
tinely processed (Table 12.1). 

During preparation of the cytocentrifuge speci- 
men, care should be taken that the cells are de- 
posited in a monolayer, which is necessary for an 
accurate quantitative evaluation. This can be diffi- 
cult in leukocyte-rich urine samples in which only 
a few urothelial cells are available for count- 
ing; quantification is uncertain when fewer than 
100 urothelial cells are present. We use alkaline 
phosphatase-conjugated second and third anti- 
bodies as polyclonal indicator antibodies. This 
method is somewhat more complex than the per- 
oxidase method, but we have found it to be more 
reliable and easier to interpret as it imparts a bril- 
liant red stain to reactive cells (Figs. 12.6a,b, 
12.7a-c). The interpretation itself is straightfor- 
ward and does not require exceptional cytologic 
experience. The examiner must simply be able to 
distinguish among blood cells, transitional cells, 
and squamous epithelial cells. If the percentage of 
transitional cells staining with the MAB is 30% or 
more, a positive is declared. Rarely, all the tran- 
sitional cells in the sediment are stained red 
(Fig. 12.6b), but usually a combination of antigen- 
positive and antigen-negative transitional cells is 
observed (Fig. 12.7). Only the transitional cells are 
counted, not the squamous cells. 

When QUIC is performed with MAB 486 p 
3/12, the concurrently stained granulocytes pro- 
vide an internal “positive control.” During each 
test a cytocentrifuged specimen of the same urine 
sample is also run as a negative control; instead of 
the first mouse monoclonal antibody (MAB 486 p 
3/12), the specimen is incubated with antibody- 
free cell-culture supernatant. An ideal but more 
costly negative control would be to incubate the 
specimen with a mouse monoclonal antibody of 
the same subtype (e.g., IgM) but different speci- 
ficity. The negative control serves to exclude non- 
specific bindings that would produce a false-posi- 
tive test. It is better to use F(ab’). fragments as 
polyclonal indicator antibodies (second and third 
antibodies) rather than complete antibodies. 
These fragments still exhibit specific binding but 
do not possess the Fe component or “sticky end” 
that very often leads to nonspecific, false-positive 
reactions. | 

Our quantitative findings fall into one of three 
patterns: 


1. An obviously positive specimen with substan- 
tially more than 30% positive cells (Figs. 12.6, 
12.7). 
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Table 12.1. Quantitative immunocytology (procedure) 


1. Centrifuge urine sample at 2000 rpm (10 min). 
2. Pipet off supernatant, swirl sediment with PBS. 
3. Centrifuge sample at 2000 rpm. 
4, Prepare cytocentrifuge specimens. 
5. Air dry (approx. 2 h). 
6. Fix in acetone for 5 min. 
7. Rehydrate in rinsing buffer for 10 min. 
8. Incubate for 30 min with 100 ul MAB 486 p 3/12 (humid- 
ified chamber) or with control antibody. 
9. Wash slide in rinsing buffer for 10 min by repeated buffer 
changes in a cuvet. | 
10. Incubate for 30 min with 100 ul of 2nd antibody (humidi- 
fied chamber). 
11. Wash as in step 9. 
12. Incubate for 30 min with 100 ul of 3rd antibody (humidi- 
fied chamber). 
13. Wash as in step 9. 
14. Prepare substrate according to selected 2nd and 3rd anti- 
bodies. 
15. Incubate substrate. 
16. Wash as in step 9. 
17. Counterstain with filtered hemalum for 15-30 s. 
18. Blue in tap water for 10-15 min. 
19. Mount with Kaiser gelatin. 
20. Interpretation. 
Check for negative control staining (to exclude nonspe- 
cific staining). 
Count positive (antibody-binding) transitional cells 
(count at least 100 cells). 
Disregard squamous epithelial cells and blood cells. 
Positive test = 30 % or more positive transitional cells. 
Negative test = fewer than 30 % positive cells. 
Findings between 20 % and 30 % require further investi- 
gation. 


2. An obviously negative specimen with fewer than 
20% positive cells. This is seen in healthy pa- 
tients, who tend to have hypocellular specimens. 

3. Borderline findings around the 30% cutoff val- 
ue. This pattern, especially common in the fol- 
low-up of bladder tumor patients, is difficult to 
classify as positive or negative and should 
prompt a repeat examination, preferably by 
bladder irrigation cytology using saline. 


12.3 Sensitivity of QUIC 
with MAB 486 p 3/12 


Our initial analysis of 40 patients with superficial 
bladder carcinomas showed that our method of 
quantitative immunocytology with MAB 486 p 
3/12 has a sensitivity of 90% (Fig. 12.4): 36 of the 
40 patients in group I had more than 30% positive 
cells with MAB 486 p 3/12. 
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Fig. 12.6a,b. Immunocytology 
of a grade 3 transitional cell 
carcinoma (urine sediment) 
with MAB 486 p 3/12. 

a Example of direct stain. 

b Example of homogeneous 
staining with MAB 486 p 3/12; 
alkaline phosphatase reaction 


Later we conducted a more comprehensive 
comparative study in 69 bladder tumor patients 
whose urine samples were subjected to parallel 
evaluations by standard cytology, quantitative im- 
munocytology, and flow cytometry. Those inter- 
preting the tests were unaware of the patients’ di- 
agnoses (Huland et al. 1988). 


The results are summarized in Table 12.2. For - 


the first time we achieved an almost 90% accuracy 
rate with QUIC in the diagnosis of grade 1 tumors. 
This was comparable to the sensitivity achieved for 
grade 2 and grade 3 transitional cell carcinomas of 
the bladder. Conventional cytology and especially 
flow cytometry failed in the diagnosis of well-dif- 
ferentiated grade 1 tumors. 

The superior results of urinary immunocytology 
using the QUIC method compared with standard 
cytology and flow cytometry are explained by the 


independence of QUIC on morphologic criteria. 
The transformation of a normal cell to a tumor cell 
is a gradual process. Changes in cellular morpholo- 
gy do not necessarily occur at the start of this cas- 
cade. Markers that detect cells which have already 
commenced malignant transformation but have 
not yet undergone appreciable morphologic 
change offer a crucial advantage in the early detec- 
tion of malignant disease. MAB 486 p 3/12 defines 
an antigen that is already expressed on grade 1 tu- 
mors. These antigenic changes can be particularly 
useful in areas where conventional methods such 
as cytology have displayed inadequate diagnostic 
capabilities. | 

Only 27.7% of the grade 1 tumor specimens 
were positive by flow cytometry. This is consistent 
with the results of Oljanz and Tanke (1986), who 
had a 29% true-positive rate with grade 1 tumors, 
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Fig. 12.7a-c. Immunocytology of grade 3 transitional cell carcinoma (urine sediment) 
with MAB 486 p 3/12. a,b Two examples of heterogenous staining. Alkaline phos- 
phatase reaction. c The squamous epithelial cell is not stained 
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Table 12.2. Analysis of cytologic, immunocytologic, and flow 
cytometric findings in 69 patients with transitional cell carci- 
noma of the bladder, grouped according to tumor grades 


Tumor grade 1 2 3 Total 
(n) (%)(n) (%) (n) (%)(n) (%) 


Positive 8/18 44.4 19/37 51.3 10/14 71.4 37/69 53.6 
cytology (% ) 
Positive 
immuno- 
cytology (%) 
Positive flow 
cytometry (% ) 


16/18 88.9 33/37 89.2 11/14 78.5 60/69 86.9 


5/18 27.7 18/37 48.6 8/14 57.1 32/69 46.4 


and with the results of Melamed (1984), who could 
identify only 1/3 of papillomas by flow cytometry. 

In a recent study we were able to reproduce the 
high sensitivity of QUIC with MAB 486 p 3/12 in 
241 patients with bladder tumors (Klan et al. 
1991). In this study we evaluated 49 patients with 
grade 1 tumors, 94 with grade 2 tumors, and 98 with 
grade 3 tumors. The results, which are compared 
with conventional cytology in Table 12.3, coincide 
with the results in Table 12.2. 

QUIC with MAB 486 p 3/12 is currently the most 
sensitive marker for bladder carcinomas, achiev- 
ing equal levels of sensitivity in the detection of 
grade 1, grade 2, and grade 3 neoplasms. 


12.4 Specificity of QUIC 
with MAB 486 p 3/12 


A marker must have high specificity if it is to be 
useful for screening. It should be positive in pa- 
tients with a bladder tumor but negative in patients 
with other disorders and in healthy controls. None 
of the monoclonal antibodies that we have studied 
has a high specificity. The false-positive rate with 
QUIC is approximately 10% for nearly all the anti- 
bodies tested, and QUIC is almost always positive 
in patients with urinary stone disease (bottom row 


in Fig. 12.5). With our monoclonal antibody 486 p 


3/12 and all the other MABs tested, there is always 
a high rate of positive quantitative immunocyto- 
logic findings in patients with kidney stones. We 
have proven that this is not caused by exfoliated re- 
nal epithelial cells. Among the 15 MABs tested, 
the antibodies that are not reactive with renal tis- 
sue gave a positive QUIC result in lithiasis patients 
just as frequently as antibodies that also react with, 
say, tubular epithelial cells. The cause of this phe- 
nomenon remains unclear. We have concluded 


Table 12.3. Sensitivity of quantitative immunocytology and 
standard cytology in 241 bladder tumor patients 


Tumor grade 1 2 3 Total 
(n) (%) (n) (%) (n) (%) (n) (%) 

Totals 49 94 98 241 

Positive 45 91.8 84 89.4 91 92.9 220 91.3 

immuno- 

cytology 

Positive 29 592 60 63.8 83 84.7 172 71.4 

cytology 


that none of the monoclonal antibodies currently 
known, including our MAB 486 p 3/12, is suitable 
for use as a screening tool. 

Consequently, we do not recommend quantita- 
tive immunocytology for screening urine samples 
to exclude bladder cancer. The high false-positive 
rate would needlessly alarm the patient and physi- 
cian. QUIC is not specific enough for this applica- 
tion. 


12.5 QUIC with MAB 486 p 3/12 asa 
Marker for the Follow-up of Patients 
with Superficial Bladder Tumors 


The high sensitivity of QUIC with MAB 486 p 3/12, 
especially in the detection of well-differented tu- 
mors, suggests that it would be excellent for the 
postoperative follow-up of patients with super- 
ficial bladder tumors. 

Our years of research with quantitative im- 
munocytology led us to believe that QUIC with 
MAB 486 p 3/12, used in patients who have under- 
gone excision of a superficial bladder tumor, would 
become positive long before a recurrence of the tu- 
mor could be detected by endoscopy. 

We tested the value of QUIC with MAB 486 p 
3/12 in a prospective study of 55 patients with 
TAT1 superficial bladder carcinoma (Huland et al. 
1990). None of the patients initially received anti- 
recurrence prophylaxis. Urine samples were col- 
lected from all patients at 4-week intervals. In 40% 
of the patients (n=22), QUIC remained negative 
following transurethral resection (TUR) of the tu- 
mor. Only two of these patients developed recur- 
rent tumors over an average follow-up period of al- 
most 2 years (Table 12.4). 

Apparently, QUIC provides a reliable means of 
identifying patients who will not develop recurrent 
disease. 
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As Table 12.5 indicates, the patients who re- 
mained immunocytologically negative were equal- 
ly distributed between grade 1 and grade 2 tumors. 
All the patients with grade 3 tumors remained im- 
munocytologically positive after TUR.The two 
patients who developed a recurrence despite nega- 
tive immunocytology reinforce the original obser- 
vation that MAB 486 p 3/12 labels only 90% of all 
bladder tumors. The sensitivity of QUIC in the fol- 
low-up of patients with superficial bladder tumors 
could be further improved by limiting the surveil- 
lance to patients in whom QUIC with MAB 486 p 
3/12 was positive prior to operation. Based on our 
experience, this should be the case in 90% of all pa- 
tients with superficial bladder tumors. 

Thirty-three of the 55 patients (interestingly, the 
majority) were immunocytologically positive from 
the start of the follow-up period, 1.e., immediately 
after the TUR. Fourteen of these patients subse- 
quently developed a recurrence, although 15 of the 
remaining patients received prophylaxis following 
multiple positive immunocytologic tests; it is rea- 
sonable to assume that the actual recurrence rate 
in this group would have been even higher without 
prophylaxis. 

In summary, QUIC with MAB 486 p 3/12 is of 
potential value for the follow-up of patients with 
superficial bladder tumors. This should be checked 
prior to tumor removal by determining whether 
QUIC is a good marker for the individual patient 
(QUIC should be positive before TUR). 
Following TUR, QUIC should be performed on 
voided urine samples collected at regular intervals 
(e.g., every 4 weeks). 

If QUIC becomes or remains positive after 
TUR, the patient should be evaluated by cys- 
toscopy, and a bladder wash specimen should be 
obtained; the higher cellular yield in the washing 
will make the specimen easier to evaluate by 
QUIC with MAB 486 p 3/12. If cystoscopy disclos- 
es a visible recurrence, the lesion must of course be 
removed by TUR. If a recurrence is not visible, the 
positive QUIC test indicates a strong propensity 
for recurrence and signals the need to initiate pro- 
phylaxis. 

Currently our group is working to determine 
whether a positive QUIC after TUR can be used 
not only to assess the need for prophylaxis but also 
to establish its duration. This would give QUIC 
with 486 p 3/12 a role analogous to that of B-HCG 
or a-fetoprotein in patients with nonseminoma- 
tous testicular tumors. At present it is still unclear 
whether this will be possible. 
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Table 12.4. Results of quantitative immunocytology with 
MAB 486 p 3/12 in the follow-up of 55 patients with super- 
ficial bladder tumors 


Results Patients Recurrent tumors 
(n) (%) (n) 

Negative 22 40 2 

Positive 33 60 144 


4 Fifteen of the remaining 19 received prophylaxis. 


Table 12.5. Results of quantitative immunocytology with 
MAB 486 p 3/12 according to tumor stage and grade | 


Results TA TI Tis Gl G2 G3 Total 


Negative 9 13 0 11 11 0 22 
Positive 8 22 3 8 17 8 33 


Total 17 35 3 19 28 8 55 


12.6 Outlook 


Today, appropriately trained personnel must be 
available to interpret the result of quantitative im- 
munocytology. This can be learned easily and 
quickly - far more easily than conventional cytolo- 
gy. As noted in Chap.11, subjective impressions 
are not a factor in the QUIC method. The staining 
of cells in immunocytology is an objective criteri- 
on. In the future, efforts will be made to automate 
this method. This will require a means for eliminat- 
ing or separately labeling granulocytes that stain 
concurrently with the MAB. Also, clumped cells 
must be individualized to produce monolayer sus- 
pensions suitable for machine evaluation. These 
problems are technically manageable. It is also 
conceivable that the test will utilize not just one 
MAB but two mutually supplementary MABs to 
further improve the sensitivity of the QUIC analy- 
sis. We doubt that the specificity of QUIC can be 
improved or that the test will ever be appropriate 
for screening. The ideal setting for QUIC 1s in the 
follow-up care of patients with superficial bladder 
carcinomas. QUIC with MAB 486 p 3/12 is the first 
tested bladder tumor marker that can help direct 
the postoperative management of these patients. 
The idea is to evaluate urine samples by QUIC 
and limit endoscopy to those patients who remain 
or become QUIC-positive following TUR. It must 
be emphasized that positive QUIC does not neces- 
sarily mean that the patient has a pathologically 
demonstrable tumor recurrence that is already vis- 
ible by endoscopy. QUIC with MAB 486 p 3/12 is 
such a sensitive marker that it signals the mere 
proneness or propensity to develop a recurrence. 
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Repeated positive QUIC tests are an indication 
for endoscopy to exclude a recurrent tumor. Ifa re- 
currence is not seen, prophylaxis can be instituted 
if QUIC continues to be positive. 

Our policy is as follows: If a patient has two con- 
secutive positive QUIC tests, we perform cys- 
toscopy to check for a visible recurrence. If the 
positive immunocytology cannot be attributed to 
recurrent tumor, we initiate prophylaxis. We use 
QUIC, then, as a means of selecting patients who 
require postoperative prophylaxis. As noted in 
Sect. 12.5, it remains to be seen whether QUIC will 
be useful in establishing the duration of prophylax- 
is that is appropriate for the individual patient. 
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13.1 Introduction 


One of the most common problems confronting — 


the urologist is the investigation of microhema- 
turia. This is due in part to the increased numbers 
of baseline, insurance and screening examinations 
that are being performed. 

The search for an effective and efficient primary 
diagnostic workup of microhematuria was signifi- 
cantly advanced in 1979 when the Australian 
nephrologists Birch and Fairley first described 
characteristic morphologic changes of urinary ery- 
throcytes in patients with glomerulonephritis. 


Decades earlier, Larcom and Carter (1948) had 
noted the morphologic variability of red blood 
cells in urine sediment but were unable to establish 
a causal connection with specific disorders. 

The ability to establish a glomerular source of 
bleeding by microscopic examination is of great 
importance for the urologist. After neoplasms and 
calculi, renal parenchymal diseases are recognized 
as the third most common cause of microhema- 
turia, having a reported incidence of 2.5%-7.1% 
(Carson etal. 1979; Golin and Howard 1980; 
Davides et al. 1986; Olivo et al. 1989). Since expe- 
rience indicates that renal parenchymal disease is 
treatable only in its early stage and that significant 
microhematuria is the only criterion for early diag- 
nosis (Renner 1986), the urologist plays a key role 
in directing patient management. Urinary erythro- 
cyte morphology can furnish the information 
needed to justify referral for appropriate nephro- 
logic therapy. 


13.2 Microhematuria 


13.2.1 Definition of Microhematuria 


Microhematuria is generally defined as the pres- 
ence of red blood cells, detectable chemically or 
microscopically, in urine that appears grossly nor- 
mal. Although the kidneys and lower urinary tract 
normally are not permeable to the passage of ery- 
throcytes, red cells are present to a degree even in 
healthy urine, raising the problem of where to draw 
the line between physiologic and pathologic micro- 
hematuria. This problem is not only manifested in 
the difficult discernment of borderline pathologic 
values but also affects a variety of different meth- 
ods of determination. 
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13.2.2 Diagnostic Evaluation of Microhematuria 
13.2.2.1 Reagent Strips 


Reagent strips (dipsticks) are widely used as a mi- 
crohematuria Screening test owing to their simplic- 
ity, and they hold considerable promise as an in- 
strument for home screening. In 235 males over 
50 years of age with no history of hematuria who 
tested their urine once a week at home for a period 
of 1 year, 31 patients had multiple positive tests 
prompting referral for urologic evaluation, which 
disclosed eight cases of urogenital carcinoma and 
seven cases of benign disorders necessitating treat- 
ment (Messing et al. 1989). 

The principle of the reagent strip is based on the 
chemical reaction of organic hydrogen peroxide, 
which converts a highly sensitive chromogen to a 
blue-colored dye through the catalytic activity of 
hemoglobin. Since a positive test may be due to the 
presence of free hemoglobin and myoglobin as 
well as red blood cells, a positive test should prompt 
a microscopic analysis of the urine sediment to es- 
tablish the presence of erythrocytes before addi- 
tional diagnostic measures are performed. 

The exclusive use of reagent strips is obsolete 
because of their inadequate specificity and sensi- 
tivity (hence the term “dipstick hematuria”). The 
false-negative rate can be as high as 16%-24% 
(Frolich and Sieck 1981; Arm et al. 1986), resulting 
in a potentially low sensitivity. The investigation of 
microhematuria with reagent strips alone would 
lead to an unacceptable diagnostic void. Figures on 
the false-positive rate range from 15% to 30% 
(Arm etal. 1986; Jardin and Madier 1987). 
Without microscopic verification, this low speci- 
ficity would result in unnecessary, frequently inva- 
sive diagnostic measures. 


13.2.2.2 Semiquantitative Techniques 
(Microscopic Field Counts) 


In the semiquantitative techniques for the evalua- 
tion of microhematuria, the erythrocyturia is quan- 
tified independently of the factors of volume and 
time. An important argument favoring semiquan- 
titative analysis is its practicality, since the useful- 
ness of a method is determined in part by the ease 
with which it can be performed (Thiel et al. 1986). 
In these techniques the examiner views the cen- 
trifuged urine sediment with a microscope and 
counts the number of red blood cells that can be 
seen per 400-power field (x 10 eyepiece, x40 objec- 
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tive). Although there is no definite consensus with 
regard to normal values, many authors state that a 
count of 2-8 cells/field constitutes borderline or 
grade 1 microhematuria (Fig.13.1), while ten or 
more cells/field signifies grade 2 microhematuria 
(Carson et al. 1979; Golin and Howard 1980; Thiel 
et al. 1986; Mohr et al. 1986; Conzelmann et al. 
1988). 


Grade 1: 2-8 cells/field 

Grade 2: 8-30 cells/field 

Grade 3: cells covering 3/4 of the field 
Grade 4: cells covering the entire field 


The count should be performed using phase con- 
trast microscopy or on stained specimens during 
the oncologic cytologic investigation, since experi- 
ence has shown that bright-field microscopy alone 
does not provide sufficient contrast or definition of 
the erythrocytes, leading to erroneously low 
counts. 
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Physiologic 
erythrocyturia 


Microhematuria 


Fig. 13.1. Microhematuria is diagnosed if 2 or more erythro- 
cytes are counted in multiple 400-power fields (x 10 eye- 
piece, x 40 objective). Otherwise physiologic erythrocyturia 
is present. (Modified from Thiel et al. 1986) 
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13.2.2.3 Quantitative Techniques 


In quantitative techniques the uncentrifuged urine 
is examined in special counting chambers that per- 
mit the examiner to calculate the number of excret- 
ed urinary erythrocytes per unit volume of urine. 

Addis in 1925 introduced the “Addis count” us- 
ing a special counting chamber as a method of clin- 
ical examination. A later device, equally effective 
but easier to use, was the Fuchs-Rosenthal cham- 
ber, in which a drop of uncentrifuged fresh urine 
is placed into the chamber, which is divided into 
16 squares. By counting the erythrocytes (and 
leukocytes), the investigator can compute the 
number of red cells per milliliter for the known 
chamber volume of 3.2 mm?. In contrast to the 
Addis count, a quantitative concentration is pro- 
vided by the enlarged counting area of the device. 
Another variant is the Neubauer chamber. 

Simpler yet more advanced is the MD-KOVA 
system, in which the centrifuged urine is deposited 
onto special disposable slides and counted. The de- 
fined volume of 6.6 ul per chamber permits an ac- 
curate quantification of urinary erythrocytes 
(Bauer et al. 1981). 

The microsediment technique developed by 
von Froreich et al. (1974), which combines con- 
centration of the sample with a direct coating of 
the counting surface, is simple and affords good re- 
sults (Rathert and Lutzeyer 1974) but requires 
special apparatus in the form of an inverted micro- 
scope. 

Adding the time factor to the quantitative deter- 
mination (e.g., 12-h urine) in addition to volume is 
time-consuming and limits the usefulness of the 
method for routine evaluations. Another argu- 
ment for an exclusively volume-oriented quantifi- 
cation is furnished by the studies of Teitel et al. 
(1964), who found that there were no significant 
differences in the urinary excretion of corpuscular 
elements during the course of a day. 

The generally accepted upper normal limit 
of microhematuria in quantitative testing is 


2000-3000 (maximum of 5000) red blood cells/ml — 


(Olbing 1977; Althof and Ochs 1982; Bauer et al. 
1981; Heintz and Althof 1989). 
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13.2.3 Incidence and Clinical Significance 
of Microhematuria 


The prevalence of asymptomatic microhematuria 
ranges from 1% to 16% depending on the age of 
the population examined (Freni and Freni- 
Titulaer 1977; Sinniah et al. 1976; Vehaskari et al. 
1979; Froom et al. 1984; Mohr et al. 1986). 

The essential and still-controversial question, 
especially in patients under 40 years of age, con- 
cerns the diagnostic implications of microhema- 
turia. How extensive an investigation is required, 
and how invasive must it be? Attitudes range from 
a complacent “diagnostic nihilism” to an aggres- 
sive “diagnostic overkill.” 

The basis for this controversy is the fact that the 
degree or severity of hematuria (microscopic or 
gross hematuria) does not correlate with the sever- 
ity of the underlying disease (Messing et al. 1989). 
In a recent study of 1000 patients, Mariani et al. 
(1989) clearly demonstrated the absence of a safe 
lower limit of hematuria. Of the 86 patients who 
had a life-threatening cause of urinary tract bleed- 
ing, 16 (18.6%) had fewer than three erythro- 
cytes/field in at least one urine sample. Three of 
these 16 patients had a renal cell carcinoma, and 13 
had a urothelial cancer. 

The absence of a “safe lower limit” justifies the 
claim that a costly and precise quantification of 
hematuria (e.g., using the counting chamber 
method) does not have major practical implica- 
tions. It is far more critical to establish a reliable 
lower threshold. 

Incidence of urologic carcinoma in patients with 
microhematuria: (regardless of age) 


1. Greene et al. (1956) 
500 patients with microhematuria: 
11 carcinomas (2.2% ) 

2. Carcon et al. (1979) 
200 patients with microhematuria: 
25 carcinomas (12.5% ) 

3. Golin and Howard (1980) 
247 patients with microhematuria: 
24 carcinomas (10% ) 

4. Davides et al. (1986) 
150 patients with microhematuria: 
13 carcinomas (8.7% ) 

5. Marianiet al. (1989) 
1000 patients with microhematuria: 
86 carcinomas (8.6% ) 
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Age Dependence of Carcinoma Incidence. 

The opinion expressed in many textbooks that mi- 
crohematuria should always be viewed as an omi- 
nous sign until proven otherwise poses a danger of 
“diagnostic escalation,” where every patient is 
placed through a gamut of diagnostic procedures 
until a tumor has been confirmed or excluded as 
the cause of the hematuria. The validity of this ap- 
proach is qualified by the practical experience that, 
even in patients with microhematuria, a significant 
age dependence exists with regard to the incidence 
of carcinoma. 

A screening study conducted in 10050 young 
males disclosed microhematuria in 165 patients. Of 
the 24 patients who were thoroughly examined, 
one was found to have an exophytic bladder tumor 
(Richie et al. 1986). The authors’ call for a full uro- 
logic investigation of all patients with microhema- 
turia, regardless of age, prompted Jones et al. 
(1988) to conduct a prospective study of 100 pa- 
tients under 40 years of age with microhematuria. 
While the authors were able to ascertain the cause 
of the microhematuria in 32 cases, there were only 
three cases in which cystoscopy was crucial in es- 
tablishing a diagnosis. No case of microhematuria 
was found to be due to a malignant tumor. This is 
consistent with the findings of Froom et al. (1984), 
who found only one carcinoma in 1000 young 
members of the Israeli Air Force examined over a 
15-year period. 

These figures help us to understand the call of 
many urologists for a rational diagnostic approach 
to microhematuria, especially in younger patients. 
This basic workup would include: 


History, for example, 

— Exertion-dependent hematuria 
— Familial microhematuria 

— Medications (anticoagulants) 


Laboratory data, for example, 
— Coagulation disorder 


Sonography, for example, 

— Renal parenchymal tumor 
— Renal cysts 

— Congested kidneys 


Urinalysis with 

— Quantification of proteinuria 
— Quantification of leukocyturia 
— Oncologic urinary cytology 

— Erythrocyte morphology 
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13.3 Nonglomerular and Glomerular 
Erythrocytes 


13.3.1 Morphology 
13.3.1.1 Nonglomerular Erythrocytes 


The frequently cited link between the presence of 
nonglomerular erythrocytes in the urine and a 
postrenal bleeding source is misleading in that oth- 
er renal processes such as cysts, tumors, and inter- 
stitial nephritis are also commonly associated with 
hematuria. 

Despite the characteristic appearance of 
glomerular (“dysmorphic”) erythrocytes, a de- 
scription of the nonglomerular forms is necessary 
because these cells, too, are subject to morphologic 
variations due to differences in osmolarities, pro- 
longed contact with the urine, or the mechanical 
stresses associated with extreme centrifugation or 
manual smearing (Figs. 13.2, 13.3). For this reason 
the term “isomorphic” (morphologically uniform) 
is inappropriate for erythrocytes, and the more neu- 
tral term “nonglomerular” is preferred (Thiel et al. 
1986). A number of potential morphologic vari- 
ants of nonglomerular erythrocytes may be ob- 
served: 


Double-Rim Forms (Fig. 13.4a—d) 

A double rim is commonly seen on erythrocytes 
that have been exposed to urine for several hours. 
The thinness of the double rim (Fig. 13.4a) distin- 
guishes it from the annular shape of the glomerular 
erythrocyte (Fig. 13.4b,c). More importantly, the 
space bounded by the rim is still filled with cyto- 
plasm and lacks the central “hole” characteristic of 
glomerular ring forms. 


Spiked Forms (Fig. 13.5a—e) 

Diffusion processes in hypertonic urine can cause 
shrinkage of the erythrocytes with the formation 
of spike-like projections on the cell surface 
(Fig.13.5a). These pointed projections are not 
characteristic of glomerular erythrocytes, which 
frequently exhibit rounded, blister-like protru- 
sions that may project toward the center of the cell 
(Fig.13.5b) or outward (Fig.13.5c,d), being at- 
tached to the cell body by a short, narrow stalk. In 
extreme cases the glomerular-type projections 
may appear as spheres adherent to the inside or 
outside of the cell. 
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13.2 


Figs. 13.2 and 13.3. As early as 1872, Ultzmann and Hofmann 
showed in their Atlas of Urinary Sediments (Fig. 13.2) that 
nonglomerular (normal) erythrocytes are morphologically 
diverse (dysmorphic) as a result of different ambient condi- 
tions and positions on the optical axis (see text). The cells ex- 
hibit conspicuous spiked, biconcave, flattened, and dumb- 
bell shapes. In Fig.13.3 another specimen (Papanicolaou 
stain,x 850) clearly illustrates the dysmorphism of non- 
glomerular (normal) erythrocytes. Consequently, the term 
dysmorphic erythrocytes should not be equated with 
glomerular erythrocytes (see Sect. 3.1) 
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Discoid Forms (Fig. 13.6) 

In hypotonic urine, osmotically induced intracellu- 
lar fluid uptake leads to enlargement of the ery- 
throcytes, which appear as uniformly pale discs. 


Creased Forms (Fig. 13.7) 

Nonglomerular erythrocytes sometimes exhibit 
bizarre creases that radiate in a “Mercedes star” 
pattern from a central clear zone. Because of its 
translucency, the central zone may cause the cell to 
be mistaken for an annular glomerular erythro- 
cyte. 


Cells Viewed Obliquely or Edge-On (Fig. 13.8a,b) 

Although most erythrocytes lie flat on the micro- 
scope slide, permitting a “planimetric” evaluation, 
some will occupy an oblique or edge-on position 
relative to the observer. An erythrocyte viewed 
edge-on will display a club or dumbbell shape 
(Fig. 13.8a) while an oblique cell will appear cap- 
or cone-shaped (Fig. 13.8a,b). 


erythrocyte 


13.3.1.2 Glomerular Erythrocytes 


Since glomerular erythrocytes were first described 
(Birch and Fairley 1979), a variety of morphologic 
classifications have been attempted. It is reason- 
able to object, however, that an attempt to desig- 
nate individual forms with specific names 
(Hildebrandt et al. 1988) needlessly complicates 
what is basically a simple morphologic phe- 
nomenon (Thiel et al. 1986). 

The following principal forms of glomerular ery- 
throcytes are encountered: 


Ring Forms (Fig. 13.9a-f) 

In these forms, which are the most common mor- 
phologic variant of glomerular erythrocytes and 
are pathognomonic for glomerular hematuria, the 
entire cell volume is arranged in a peripheral ring, 
giving the cell a “doughnut” or “life preserver” ap- 
pearance (Fig. 13.9a,c). 

Although the central opening appears micro- 
scopically as a punched-out defect, it is actually 
covered by a stretched double thickness of “emp- 
ty” membrane. This is made clear by the dumbbell 
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Fig. 13.5. a Nonglomerular erythrocytes with typical spiked 
surface projections (<- <) and biconcave appearance on 
interference contrast microscopy, x 765. (Photo courtesy 
of Priv.-Doz. Dr. H.Leyh of the Urologic Clinic and Out- 
patient Clinic of the Technical University of Munich, 
FRG). b Glomerular erythrocyte with an internal blister 
(< <) alongside normal-appearing, nonglomerular ery- 
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throcytes (Papanicolaou stain, x 850). c Glomerular 
erythrocytes with vesicle-like surface projections («+ <) 
(Papanicolaou stain, x 850). d Methylene blue-stained 
glomerular erythrocyte with bulbous surface projections 
(<) (x 850). e Schematic contrast between nonglomerular 
spiked erythrocytes (above) and a glomerular erythrocyte 
with vesicle-like protrusions (below) 
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Fig. 13.6. Difference between hypoosmotically altered dis- 
coid erythrocytes (<-) and erythrocytes of normal size (4). 
Papanicolaou stain, x 850 


Fig. 13.7. Bizarre creased forms of nonglomerular (normal) 
erythrocytes with an apparent central hole (@) (see + and 
« in Fig. 12.8b). Papanicolaou stain, x 850 


Fig. 13.8. a Nonglomerular (normal) erythrocytes viewed 
edge-on (dumbbell shape) and obliquely (cap shape). 
b Multiple cap-shaped, nonglomerular (normal) erythro- 
cytes (+ +). Papanicolaou stain, x 850 


Fig. 13.9a-f. a,b Ring-shaped glomerular erythrocytes > 
(e +) (a) compared with normal nonglomerular erythro- 
cytes (b) on interference contrast microscopy, X 765. 
(Photos courtesy of Priv.-Doz. Dr. H. Leyh of the Urologic 
Clinic and Outpatient Clinic of the Technical University 
of Munich). c Typical ring-shaped (“doughnut”) glomerular 
erythrocytes (= <). Papanicolaou stain, x 850. 
d,e Glomerular ring forms viewed edge-on and in cross sec- 
tion (+ <); the cell contents are arranged in a peripheral 
ring, leaving a thin (“empty”) central double membrane that 
looks like a hole when viewed from above. Papanicolaou 
stain, x 850. f Schematic illustration contrasting the sharp in- 
ner contour of the glomerular ring form (right) with a normal 
biconcave erythrocyte. The broken line marks the selected 
microscopic focal plane 
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shape of the cell when it is viewed from the side 
(Fig. 13.9d-f). 

These glomerular ring forms are alternatively 
known as annulocytes, Willisauer’s rings (Thiel 
et al. 1986), or peppermint erythrocytes. 

The differentiating criterion of a sharp inner con- 
tour readily distinguishes the glomerular ring 
forms from nonglomerular erythrocytes with a 
central clear zone (Fig. 13.9f). By adjusting the mi- 
crometer screw (focal plane adjustment), the ex- 
aminer can define the inner contour of the ring 
with the same degree of sharpness as the opposite 
outer contour. This is not possible with a normal bi- 
concave erythrocyte (Fig. 13.9b,f). 
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Fig. 13.10a-d. a,b Glomerular ring forms with vesicle-like 
protrusions (acanthocytes) as seen by scanning electron mi- 
croscopy (a) and at x 1000 by phase contrast microscopy (b). 
(Photos courtesy of Prof. Dr. H. Kohler of the First Medical 
Clinic and Outpatient Clinic of the University of Mainz). 
c Glomerular erythrocytes with surface protrusions (acan- 
thocytes, + <). Papanicolaou stain, x 850. d The vesicles 
may appear on ring forms as well as on erythrocytes without 
a central “hole.” These blister-like protrusions are always 
interpreted as a sign of glomerular bleeding. Whether 
glomerular disease is present depends on the quantitative 
distribution pattern (see Sect. 13.3.3) 


Vesicular Forms (Fig. 13.10a-d, 

see also Fig. 13.5b—d) 

These cells are characterized by various degrees of 
membrane protrusions, which may occur in isola- 
tion or combined with glomerular ring forms. The 
vesicles are variable in their size and shape and 
may project from the outer surface of the cell or to- 
ward the center of an annular cell. 


Ruined Forms (Fig. 13.11a,b) 

These erythrocytes are severely distorted and may 
assume grotesque shapes. Often they appear 
crushed or shredded. The degree of destruction 
ranges from milder forms that can result from the 


Urinary Erythrocyte Morphology and Diagnosis of Hematuria 


prolonged storage of nonglomerular erythrocytes 
to severe forms that cannot be produced even by 
extremely long storage. 


13.3.2 Sensitivity and Specificity 


Today there is no longer any doubt concerning the 
high diagnostic accuracy of dysmorphic glomerular 
erythrocytes as an indicator of glomerular disease. 
Fasset et al. (1982), in a blind controlled study of 
253 patients, correctly localized the bleeding 
source in 85% on the basis of erythrocyte morphol- 
ogy. One hundred fifteen patients with dysmorphic 
erythrocytes underwent renal biopsy, which histo- 
logically confirmed the diagnosis of glomeru- 
lonephritis in all cases. 

Birch et al. (1983) examined 117 patients, 87 of 
whom had glomerulonephritis and 30 a non- 
glomerular disease. The glomerular disease was 
correctly diagnosed with a sensitivity of 99% 
(86/87) and the nonglomerular disease with a 
specificity of 93% (28/30). Rizzoni et al. (1983) ob- 
tained almost identical results in children, using 
red-cell morphology to diagnose glomerulo- 
nephritis with a sensitivity of 97% (63/65) and non- 
glomerular bleeding sources with a specificity of 
95% (39/41). In 1989, Fünfstück and his group 
demonstrated a sensitivity of 94.8% (128/135) and 
a specificity of 95.5% (69/75). 


13.3.3 Quantitative Limits 


There continues to be controversy over the ques- 
tion of the quantitative distribution pattern of 
glomerular and nonglomerular erythrocytes that 
must be present in order to make a diagnosis. 

In their original 1979 study, Birch and Fairley 
mentioned that erythrocytes with glomerular char- 
acteristics are found even in healthy patients. Thiel 
et al. (1986) note that this is not surprising since no 
other site in the urinary tract is as heavily perfused 


as the glomerular capillary filter. A rough estimate ` 


shows that of every billion erythrocytes that pass 
through a glomerulus, one physiologically crosses 
the glomerular barrier. This both documents the 
high quality of the glomerular filter and also ac- 
counts for the physiologic occurrence of glomeru- 
lar erythrocytes in the urine. 

With regard to the dividing line between 
glomerular and nonglomerular sources of bleed- 
ing, which different groups of workers have han- 
dled in different ways, it should be noted that ery- 
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Fig.13.11a, b. Ruined glomerular erythrocytes (“dwarf” 
forms, + <-), shown schematically and with Papanicolaou 
staining at x 850 


throcyte morphology is not evaluated for the pur- 
pose of definitive therapeutic planning but “mere- 
ly” as an aid to diagnosis. At the same time, since 
the certainty of the diagnosis determines the scope 
of the subsequent, frequently invasive diagnostic 
workup, one can appreciate the need for a quanti- 
tative orientation. i 

Investigators consistently report that the preva- 
lence of dysmorphic erythrocytes may be as high as 
20% even in the absence of glomerular disease. 
For example, Fünfstück et al. (1989) found 5.7% 
(+ 5.4%) dysmorphic erythrocytes in 75 patients 
with urolithiasis, their statistical frequency distri- 
bution indicating that up to 17% dysmorphic ery- 
throcytes may be found in patients with non- 
glomerular hematuria. 
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Reports vary concerning the critical percentage 
limit that must be present to establish a glomerular 
source of bleeding. While Thiel et al. (1986) be- 
lieve that more than 30% glomerular erythrocytes 
signifies glomerulopathy (=more than two red cells 
per 400-power field), Rizzoni et al. (1983) defined 
a lower limit of 40% in pediatric patients. 

Other groups have placed the limit even higher. 
De Santo et al. (1987) and Leyh et al. (1986) state 
that a percentage of red blood cells of 80% or more 
signifies glomerular disease, while Schramek and 
Schuster (1985) require 90%. Fiinfstiick et al. 
(1989) found a prevalence of 90.5% (+ 7.4%) 
glomerular dysmorphic erythrocytes in patients 
with histologically confirmed glomerulonephritis, 
leading them to conclude that a 75% incidence of 
glomerular erythrocytes must be present to signify 
glomerular hematuria with reasonable confidence. 

In a series of 300 patients, 120 of whom had 
glomerulonephritis and 54 interstitial nephritis, 
Miiller et al. (1989) investigated the factors that in- 
fluence the changing quantitative limits that charac- 
terize glomerular vs. nonglomerular hematuria. 
One of their findings was that the percentage of 
glomerular erythrocytes was inversely related to 
the degree of hematuria. Thus, while the percent- 
age of these cells in glomerulonephritis patients 
with mild hematuria averaged 84.2% (+ 15.2%) 
glomerular erythrocytes, it averaged only 50.9% 
(+5.2% ) in patients with marked hematuria. 

They also found that the percentage of glomeru- 
lar erythrocytes declined with increasing renal in- 
sufficiency, averaging 67.6% (+ 25.3% ) in patients 
with more than 5.5 mg% serum creatinine and 
86.6% (+ 11.75% ) in patients below that value. 

A final parameter influencing the quantitative 
distribution was the activity of glomerulonephritis 
(ESR, proteinuria, electrophoresis, clinical pre- 
sentation). As a result of this phenomenon, previ- 
ously described by Iseghem et al. (1983), patients 
with a high glomerulonephritis activity had fewer 
glomerular red cells (74.6% + 23.3% ) than patients 
with a low activity (86.0% + 12.3% ). 

Schuetz etal. (1985) found that water- or 
furosemide-induced diuresis in patients with 
glomerulonephritis also reduced the percentage of 
glomerular erythrocytes from an average of 64% 
to 19%. 
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Table 13.1. Diagnostic options as a function of erythrocyte 
morphology 
Morphology Option 
Glomerular bleeding Nephrologic workup 

Nephrologic 
Mixed form and 

urologic workup 
Nonglomerular Urologic workup 
bleeding 


13.3.4 Causes of Erythrocyte Dysmorphism 


The causes of glomerular erythrocyte distortion are 
not yet fully understood. Besides purely mechani- 
cal deformation of the cells on traversing the 
glomerulus, researchers have suggested toxic mem- 
brane damage by pathologic osmotic gradients or 
changes caused by lysosomal leukocytic enzymes 
that occur as mediators in renal parenchyma that 
has undergone inflammatory change (Fig. 13.12). 

Lin et al. (1983) and Fasset et al. (1982) favor the 
theory of mechanical deformation, which postu- 
lates that the capillary spaces of the glomerular 
basement membrane are damaged in such as way 
that they permit an increased, shape-distorting 
passage of erythrocytes into the collecting system 
of Bowman’s capsule. Lin et al. (1983) presented 
several electron micrographs illustrating the pas- 
sage of erythrocytes through such capillary 
“holes,” comparable to a traumatizing “passage 
through the eye of a needle” (Thiel et al. 1986). 

Other authors (Birch et al. 1983; Schuetz et al. 
1985) support the theory that tubular and glomeru- 
lar transit leads to damaging effects on the erythro- 
cyte membrane relating to pathologic changes in 
pH and osmolarity. 

Madsen et al. (1982) showed that the cells of the 
postglomerular tubular system have a phagocytic 
potential. They believe that erythrocytes that have 
crossed the glomerular filter undergo membrane 


-= damage and morphologic change during tubular 


passage due to the action of secreted /ysozymes. 
Schramek et al. (1989) were able to generate 
dysmorphic erythrocytes in vitro that were identi- 
cal to in vivo glomerular erythrocytes by exposing 
normal erythrocytes to various osmotic gradients. 
Glomerular changes were observed, however, only 
in cells that were additionally exposed to a 
hemolytic medium. Based on these results, the au- 
thors cited an intrinsic factor of the lytic erythro- 
cytes as being responsible for the dysmorphism. 
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Table 13.2. Quantitative limits of erythrocyte morphology? 


Less than 20 % No glomerulonephritis 
glomerular erythrocytes 


20 %-50 % glomerular Questionable 
erythrocytes glomerulopathy 

50 %-75 % glomerular Strong suspicion of 
erythrocytes glomerulonephritis 
More than 80 % Definite 
glomerular erythrocytes glomerulonephritis 


a The percentage of glomerular erythrocytes is decreased in 
the presence of: 
— Strong diuresis 
— Marked hematuria 
— Increasing renal insufficiency 
— High activity of glomerulonephritis. 
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Fig. 13.12. Potential causes of the morphologic changes in 
glomerular erythrocytes (see Sect. 3.4) 
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13.4 Microscopic Examination 
of Glomerular Erythrocytes 


13.4.1 Timing of Examination 


In the past it was considered necessary to perform 
an immediate examination of the fresh urine, with 
no more than a 1 h delay, in order to detect 
glomerular erythrocytes. This policy was based on 
the fear that the autolytic potential of the urine 
could produce lytic changes in the glomerular ery- 
throcytes and thus limit the validity of the exami- 
nation. 

In practice, however, this policy leads to signifi- 
cant problems because of the urgency that it impos- 
es on the evaluation. As a result, it is not always 
possible to integrate the immediate microscopic 
examination into the working routine, and there is 
no opportunity to dispatch the sample for refer- 
ence cytology. 

Since the studies of Roth and Rathert (1989), it 
is known that urine samples can be preserved 
(Thiomersal and Carcyt “preservation-dispatch 
medium,” Robapharm, see Sect. 8.4.1) for several 
days with no structural alteration in the glomerular 
erythrocytes. This makes it possible to defer the 
urinalysis or, if necessary, dispatch a sample for ref- 
erence cytology. 


13.4.2 Phase Contrast and Interference 
Microscopy 


Owing to its relative simplicity, phase contrast 
microscopy has remained the primary method for 
the examination of glomerular erythrocytes 
(Fig. 13.13, see also Fig.13.10b). The centrifuged 
urine is placed onto a glass slide, coverslipped, and 
analyzed at a magnification of 400 (x 40 objective, 
x 10 eyepiece) using a special objective and con- 
denser (see Chap. 8). 

The enhanced contrast produced by the separa- 
tion of diffracted and undiffracted light causes the 
phase differences to become visible as differences 
in image brightness. Erythrocytes and other cor- 
puscular elements in the urine appear surrounded 
by light “halos” that correspond to the contrast in- 
crease (see Figs. 13.10b, 13.13). 

Interference contrast microscopy produces a re- 
lief-like image of the erythrocytes (see Figs. 13.5a, 
13.9a,b). Although the information content of the 
image is comparable to that of the phase contrast 
image (Leyh et al. 1986), interference microscopy 
is reserved for suitably equipped institutions. 
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13.4.3 Rapid Staining Methods 


The main disadvantage of phase contrast mi- 
croscopy is the need for special microscopic equip- 
ment. Studies by Schuster etal. (1985) and 
Hauglustaine etal. (1982) have shown that 
glomerular erythrocytes can also be visualized by 
rapid staining methods, permitting the use of 
bright-field microscopy. This may be done using 
sediment stains (e.g., Sedicolor, MD-Kova dye so- 
lution, see Chap.8), methylene blue stain (see 
Fig. 13.4c), or prestained slides (Testsimplets). 


13.4.4 Alcoholic Stains (Papanicolaou) 


The studies of Roth and Rathert (1989) have 
shown that, despite the familiar dehydrating effect 
of alcohol, glomerular erythrocytes can retain their 
characteristic structural features on Papanicolaou 
staining. Thus, Papanicolaou stain, still regarded as 
the standard stain for urinary cytology, is also suit- 
able for identifying a glomerular source of urinary 
tract bleeding (Figs. 13.14-13.17). The practical 
significance of this is that the evaluation of erythro- 
cyte morphology in the investigation of micro- 
hematuria can be performed during standard on- 
cologic urinary cytology, without the need for a 
separate evaluation. 


13.4.5 Summary 


— In patients requiring investigation of micro- 
hematuria, the examination for glomerular 
erythrocytes can be integrated into the routine 
oncologic urinary cytologic workup. The ery- 
throcyte evaluation may be done at once using a 
rapid stain, or the urine sample may be pre- 
served and the evaluation deferred to facilitate 
integration into the standard laboratory routine. 

— Because glomerular erythrocytes retain their 
structural features on Papanicolaou staining, 
permanent filing and documentation are possi- 
ble. This not only has scientific implications in 
terms of possible later processing but also per- 
mits the documented monitoring of a patient’s 
progress. 

— The ability to preserve the urine sample and pre- 
pare permanent alcohol stains allows for dis- 
patch and reference cytology when needed. 
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Fig. 13.13. Phase contrast microscopy (X 340) of glomerular 
hematuria. The field contains ring forms with vesicle-like 
protrusions (<+) and a glomerular ring form directly adja- 
cent to a normal nonglomerular erythrocyte (@). (Photo 
courtesy of Prof. Dr. H. Kohler of the First Medical Clinic 
and Outpatient Clinic of the University of Mainz) 


Fig.13.14a, b. Dysmorphic nonglomerular (normal) ery- 
throcytes. (a, X 340; b, X 850; Papanicolaou stain) 


Fig.13.15a, b. Dysmorphic glomerular erythrocytes. 
(a, X 340; b, X 850; Papanicolaou stain) 
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Figs. 13.16 and 13.17. Examples of hematuria of glomerular 
origin with a pathognomonic percentage of glomerular ery- 
throcytes. Papanicolaou stain, x 850 


13.5 Glomerular Erythrocyturia: 
Practical Implications 


The essential criterion for practical implications in 
patients with glomerular erythrocyturia is the 
quantitative relationship of glomerular to non- 
glomerular erythrocytes discussed in Sect. 13.3.3. 

If the percentage of glomerular erythrocytes 
is less than 20%, it is reasonable to exclude a 
glomerular bleeding source due to glomeru- 
lonephritis. In these cases and in cases with mixed 
hematuria (i.e., more than 50% nonglomerular 
erythrocytes), a urologic workup is indicated. The 
necessary invasiveness and intensity of the investi- 
gation will depend on various factors such as the 
age of the patient , allowing leeway for individual 
needs and preferences. 

If there is compelling evidence or strong suspi- 
cion that the hematuria is secondary to glomerular 
disease (see Sect. 13.3.3), a more intensive nephro- 
logic workup and therapy are indicated. 
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Supplementary Diagnostic Parameters 

Despite the high sensitivity and specificity of ery- 
throcyte morphology (see Sect. 13.3.2), there can 
still be uncertainty as to the cause of urinary tract 
bleeding. In these cases the urologist can work with 
a nephrologist to make an assessment of nephritic 
activity as an aid to decision making. 

As early as 1957, Brod and Benesova drew a 
comparison between the clinical and histologic- 
morphologic activity factor in glomerulonephritis. 
They found that the clinical activity of glomeru- 
lonephritis correlated with the degree of protein- 
uria, hematuria, leukocyturia, cylindruria, and 
ESR. If three of these five parameters are marked- 
ly pathologic, there is probably a high inflammato- 
ry activity in the glomerulus; if four or all five are 
positive, a high nephritic activity is virtually certain 
(Fig. 13.18). | 

The urologist can evaluate hematuria and leuko- 
cyturia by urinary cytology without giving atten- 
tion to erythrocyte morphology. Because the quan- 
titative and qualitative assessment of proteinuria is 
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of key importance in the further evaluation and 
treatment of glomerulonephritis, there is no real 
need to add an accurate quantification of hema- 
turia and leukocyturia by the use of costly and 
time-consuming counting chamber methods 
(Lamberts 1982). 

Important additional information can be provid- 
ed by the detection of casts in the urine (sediment), 
since, except for isolated hyaline casts, cylindruria 
signals the presence of renal disease (Althof and 
Ochs 1989). Cylindruria requires the concomitant 
urinary excretion of proteins to serve as a “glue” 
for the clumped corpuscular elements. Erythrocyte 
casts are formed by the deposition of red cells onto 
a more or less dense protein-containing substance. 
They prove a renal origin of hematuria and are par- 
ticularly common in glomerulonephritis and vas- 
cular disorders (Althof and Ochs 1982). Reports 
on the incidence of erythrocyte casts range from 
22% to 66% (Fasset et al. 1982; Rizzoniet al. 1983; 
Birch et al. 1983). 


13.6 Conclusion 


A urologist faced with the problem of persistent 
microhematuria requires the least invasive, most 
revealing, and least expensive diagnostic plan that 
can be formulated. The general application of in- 
vasive and cost-intensive diagnostic procedures is 
neither possible nor prudent, especially in younger 
patients and children, and the possibilities of a ba- 
sic, noninvasive workup should be fully exhausted. 
The urinary cytologic evaluation of erythrocyte 
morphology is of major important in this regard 
owing to its technical simplicity and its high sensi- 
tivity and specificity. 
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14 An Expert System for Analysis and Standardization 


of Bladder Carcinoma Grading 


R. Nare, S. ROTH, and P RATHERT 


Correct evaluation of a urinary cytologic prepara- 
tion is a matter of the cytologist’s experience and 
precise visual assessment. Up to now, the necessary 
skills could only be learned through regular, inten- 
sive training at the microscope and, in a very limit- 
ed form, from the literature, whereby the most se- 
rious problem is a lack of standardized criteria for 
grading urothelial carcinoma (see Chap.7). This 
causes a high rate of diagnoses of grade 2 carcino- 
ma of the bladder, which is clinically an inhomoge- 
neous group with respect to prognosis and clinical 
outcome (Jordan et al. 1987). The necessity for an 
analysis and a better standardization of criteria for 
grading bladder carcinoma is thus evident. 

Image analysis and cytophotometry can con- 
tribute to the quantification and standardization of 
the examination but cannot replace the knowledge 
of an experienced cytologist. Another standardiza- 
tion method is offered by so-called expert systems, 
special computer programs with four characteristic 
capabilities: 


1. Large amounts of specialized data can be stored; 

2. The expert’s criteria can be analyzed according 
to the rules of artificial intelligence; 

3. Conclusions can be drawn based ona specialized 
program and 

4. The expert’s diagnosis can be supported. 


Contrary to a prejudice often voiced, the applica- 
tion of expert systems in medicine does not aim to 
replace the specialist and his or her knowledge in 
diagnosis, but rather to support the specialist, of- 
fering the possibility of analyzing large data pools 


containing quantitative or semiquantitative data. 


In contrast to “rule-based” systems, “inductive” 
expert systems are able to construct decision rules 
just be analyzing databases containing cases with 
known diagnoses and previously defined features 
(Curth et al. 1991). The rules are presented in the 
form of decision trees containing decision rules in 
the general form “If the value of feature X was a, 
then, if the value of feature Y was b, then. . . the di- 
agnosis always was ...”. None of the trees contain 
redundant information, and the system is also capa- 


ble of defining a rank order of the best discriminat- 
ing features between two diagnoses (Table 14.1). 

Therefore, the ideal field of application for those 
systems is the analysis of diagnostic decisions 
which cannot be defined by introspecitive qualita- 
tive analysis or by uni- and multivariate statistics. 
A good example, therefore, is the grading of 
urothelial carcinomas of the bladder in urinary cy- 
tologic tumor diagnosis. 


Table 14.1. Decision tree for the whole database (202 pre- 
parations) containing seven different morphological fea- 
tures: nuclear-cytoplasmic ratio, nuclear shape, nuclear 
hyperchromasia, chromatin structure, membrane hyper- 
chromasia, nucleolar shape, nucleolar size. Considerable 
variation of the cytomorphology of grade 2 carcinomas; less 
pronounced morphological variation of grade 1 and grade 3 
tumors 


Nel-Cytopl-Rat?? 


small-norm: Ncl-Shape?? 


part-irreg: Ncl-Hyperchr?? 
not-present: Chromatin?? 


fine: eee seen nenn no-Tumor 
MOd-cOarse: ... 1... eee ee eee Gl 
dist-cOarse: .. 0... ee eee eee eee eee / 
moderate: ..... 0.2... eee eee ee eee Gl 
distinct: 0.2... eee ee eee eee / 
pred-irreg:....... eee ee eee ee / 
var-small: Ncl-Shape?? 
round-oval:.. 2... 0. eee cee eee Gl 
part-irreg: ee ee eee Gl 
pred-irreg:. 2... eee eee eee eee G2 
var-large: Nlo-Shape?? 
round-oval:.. 1.2... cece eee eee eee G2 
part-irreg: eee eee G2 
pred-irreg:.. 2... ee eee ee ee G3 
large: Nlo-Shape?? 
round-oval:.... 0.0.0... cee eee eens G2 
part-irreg: Nlo-Size?? 
small... eee eee ee eee G2 
varied: . 2... eee eee ec ee eee G2 
large: Membrane-Hyperchr?? 
not-present: .......... eee eee ee eee / 
moderate: .......... 0... ce eee eee eee G2 
distinct: 0... eee cee eee ee eee ee G3 
pred-irreg:. .... 22222 eee ee eee G3 
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In order to provide an analytical and objective 
basis for grading bladder cancer and for its better 
standardization, we applied an inductive system 
(1st Class, BRAINWARE, Berlin, FRG) to 202 
urinary cytologic preparations (69 free of tumor 
cells, 41 grade 1 bladder carcinomas, 66 grade 
2 bladder carcinomas, 26 grade 3 bladder carcino- 
mas) after defining 12 nuclear morphologic fea- 
tures semiquantitatively (Table 14.1). This was 
done with the goal in mind of compiling all criteria 
that might influence urothelial tumor diagnosis 
and grading and, thus, to minimize a subjective in- 
terpretation if at all possible. This analysis should 
contribute to the discussion of two questions: What 
are the most significant cytomorphologic criteria 
in differentiating urinary cytologic preparations 
free of tumor cells and those with tumor cells from 
grades 1,2, and 3 bladder carcinoma, and 2. are the 
tumor grades clearly defined with respect to cyto- 
morphology, or are grades 1, 2, and 3 tumors in- 
homogeneous groups? 

For example, for 12 nuclear morphologic fea- 
tures entered into the system, the decision tree for 
the whole database contains only seven different 
features, which means that these seven criteria 
would have sufficed to achieve a correct and reli- 
able grading for the 202 preparations. The best 
overall distinguishing feature between prepara- 
tions free of tumor cells and the three grades of 
bladder carcinoma was the nuclear-cytoplasmic ra- 
tio. Depending on the results (small to normal; 
varying, generally small; varying, generally large; 
large), further criteria lead to a final diagnosis or 
tumor grading. Besides the tree for the whole 
database, further decision trees were developed by 
the inductive system based only on a pairwise com- 
parison between two tumor grades or on the com- 
parison between preparations free of tumor cells 
and grade 1 carcinomas. 
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The other deciding evaluation criteria, besides 
the nuclear-cytoplasmic ratio, are nuclear shape, 
chromatin structure, nucleolar-nuclear ratio, and 
nuclear hyperchromasia. The decision tree for dif- 
ferentiating grade 1 preparations and those classi- 
fied as free of tumor cells contains only four differ- 
ent criteria, all of which refer only to the cell nuclei 
and not to the nucleoli. Only nuclear-cytoplasmic 
ratio and nuclear shape were decisive in differenti- 
ating between grades 1 and 2 preparations. Grades 
2 and 3 preparations were clearly differentiated us- 
ing four criteria, two characterizing the nucleoli 
and two the nuclei. Table 14.2 shows the five most 
important criteria for differential diagnosis in each 
case. The decision trees contain a large volume of 
information in compressed form, the complete ver- 
bal elaboration of which would go beyond the 
scope of this chapter. Particularly noticeable was 
the fact that favorable nuclear-cytoplasmic ratios 
and round to oval nuclear shape in no case led to 
suspicion of a tumor. Of the total of 69 prepara- 
tions containing no tumor cells 67 were in this cate- 
gory of findings. The diagnosis “G1 tumor,” on the 
other hand, was made in each case of partially de- 
formed nuclear shape and moderate nuclear hy- 
perchromasia. This was the most common constel- 
lation of findings among the grade 1 preparations. 
Other grade 1 preparations revealed moderately 
coarse chromatin structure and partially deformed 
nuclear shape. Even in cases of round to oval nu- 
clear shape, the diagnosis “G1” was made whenev- 
er the nuclear-cytoplasmic ratio varied. Even 
preparations with generally small, but varying nu- 
clear-cytoplasmic ratio were always given the “tu- 
mor” diagnosis. An interesting thing about the 
grade 2 tumors is the large variety of possible find- 
ings. The most common among them was a varying 
and, on the whole, large nuclear-cytoplasmic ratio 
combined with generally round to oval nucleolar 


Table 14.2. The most decisive criteria for the differentiation between preparations free of tumor cells and grades 1, 2, and 
3 bladder carcinomas in the order of their significance; criteria for the whole database and for pairwise comparisons 


Whole database 


1. Nuclear-cytoplasmic ratio 

2. Nuclear shape 

3. Chromatin structure 

4. Nucleolar-nuclear ratio 

5. Hyperchromasia of the cell nucleus 


Grades 1-2 


1. Nuclear-cytoplasmic ratio 

2. Nucleolar-nuclear ratio 

3. Hyperchromasia of the nuclear membrane 
4. Variations in size of nuclei 

5. Hyperchromasia of the cell nucleus 


_ “No suspicion of tumor” — grade 1 


1. Nuclear shape 

2. Chromatin structure 

3. Hyperchromasia of the cell nucleus 
4. Nuclear-cytoplasmic ratio 

5. Variations in size of nuclei 


Grades 2-3 


1. Nucleolar shape 

2. Nucleolar-nuclear ratio 

3. Nucleolar size 

4. Chromatin structure 

5. Nuclear-cytoplasmic ratio 
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Fig. 14.1. Fourier amplitudes (means) of urothelial cell nu- 
clei in preparations from washings from patients with reac- 
tive changes but no urothelial tumor (dotted line), from 
grade 1 bladder cercinomas (solid line), and from normal 
urothelial cell nuclei (dashed line) 


shape (in 30 of 66 preparations). Particularly no- 
ticeable in differentiating between grades 2 and 
3 tumors was the significance of nucleolus parame- 
ters, 22 of all 26 grade 3 preparations showing a 
predominance of irregularly shaped nucleoli and 
unfavorable nuclear-cytoplasmic ratios. 

For the discussion of cytomorphologic criteria 
and degree of homogeneity of the three grades of 
bladder carcinoma, this inductive system is an ade- 
quate tool. Conventional multivariate statistics 
and so-called neuronal networks classify different 
entities or tumor grades on the basis of quantita- 
tive or semiquantitative data, but diagnostic deci- 
sions based on the rank order of the individual de- 
ciding features cannot be reconstructed using 
these methods. 

The decision tree data include a large number of 
rules and information that would not be registered 
just by investigating the preparations. But infor- 
mation can easily be given a clear objective basis by 
comparing it with data on certain preparations al- 
ready in the data base. For example, it was con- 


firmed that grade 3 preparations differed in each © 


case from grade 2 preparations in that they showed 
more pronounced irregularities in the nucleolus 
and less pronounced ones in the nucleus. In con- 
trast, diagnosis of a grade 1 tumor was made al- 
most exclusively on the basis of nuclear features. 
Immuncytochemistry (Chaps.11, 12), flow cyto- 
metry (Chap. 10) and image analysis have been in- 
vestigated as means of confirming the diagnosis of 
highly differentiated carcinomas. Our results sug- 
gest that it would be worthwhile to improve these 


207 


promising quantitative methods, since the decid- 
ing diagnostic features for grade1 tumors 
(Table 14.2) are merely those of planimetry and 
densitometry. These can be detected by image 
analysis systems and by performing Fourier analy- 
sis of the outlines of the cell nuclei. It was possible 
to differentiate between preparations from wash- 
ings with reactive changes in urothelial cells in the 
absence of a tumor and those from highly differen- 
tiated bladder cancer (Nafe et al. 1991). Higher 
Fourier amplitudes in grade 1 tumors indicate a 
more pronounced irregularity of tumor cell nuclei 
when compared with altered but not malignant 
cells and with normal urothelial cells from voided 
urine (Fig. 14.1). Nevertheless, it seems possible to 
standardize the criteria semiquantitatively’ too, 
such that a detailed description of the cytopatho- 
logic features and the censultation of the expert 
system might also improve the sensitivity of uri- 
nary cytologic examination for grade 1 tumors. 
Indeed, in our experience a detailed morphologic 
description of a preparation provides a better fo- 
cus and overview. It does not seem impossible that 
by consulting an expert system even a specialist 
might improve the precision and the degree of 
standardization of diagnosis. 

Another important result of the analysis of the 
database is the wide range of cytomorphologic 
variations in grade 2 carcinoma. Since they differ 
from grade 3 tumors, especially in the nucleolar 
features, it becomes obvious that morphology and 
number of nucleoli might become important in as- 
sessing cell proliferation in bladder cancer. This 
conclusion is supported by reports of a statistical 
correlation in the number of nucleolar organizer 
regions and proliferative activity of bladder cancer 
in humans and animals (Cairns et al. 1989; 
Takeuchi et al. 1990). More studies are needed to 
confirm whether these data can be used to improve 
the current system of grading and to avoid the 
prognostically inhomogeneous grade of 2. A fur- 
ther result of our analysis is that grade 1 and 
grade 3 tumors are more homogeneous with re- 
spect ot cytomorphologic variation between differ- 
ent preparations. 

In summary, the analysis of the evaluation of uri- 
nary cytologic preparations by the expert system 
indicates that nuclear morphology is particularly 
important for detecting highly differentiated carci- 
nomas, whereas nucleolar features may help in as- 
sessing the proliferative nature of the carcinoma. 
Although quantitative morphologic and immuncy- 
tochemical methods are available as adjuvant diag- 
nostic and prognostic tools in urinary cytologic ex- 


208 


aminations, the goal of developing a grading sys- 
tem which rules out prognostically inhomoge- 
neous tumor grades seems possible even when us- 
ing an inductive expert system. 
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